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The water is an essential life supporting matter in every cell of an organism. It 
enters into the living organisms via absorption or ingestion. It circulates between biotic 
and abiotic components of the ecosystem. The misuse and reckless over consumption has 
resulted into the fast depletion of water resource. The nutrient enrichment of the water 
bodies caused from the natural and man made sources is depleting the water resources at 
a faster pace. The eutrophication is a kind of nutrient enrichment process of any aquatic 
body which results into an excessive growth of phytoplankton. The phosphate rocks and 
mineral sedimentation are the natural sources of phosphorus into the terrestrial and 
aquatic ecosystems. The household containing detergents and phosphorus fertilizers used 
in the agricultural practices are the major anthropogenic sources of phosphorus. 
In the present study, the impact of some selected household detergents has been 
studied on the population, growth behaviour and development of two freshwater 
duckweeds, namely Lemna minor and Spirodela polyrrhiza. The growth responses of 
these selected free floating duckweeds to varying concentrations of'Surf Excel' (the most 
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commonly used detergent) have been studied with special reference to varying 
temperature and pH. 
The screening studies on the impact of 10, 30 and 50 ppm of 36 selected 
detergents (12 sold in the form of cakes and 24 in the form of powder) were conducted in 
small polyvinyl cups (of 180 ml capacity containing 150 ml detergent solution). In the 
screening experiments 10 plants of Lemna minor and 5 plants of Spirodela polyrrhiza 
were inoculated in the cups containing detergent solutions. The population growth of 
these duckweeds was studied at alternate days from the day of inoculation (3" ,^ 5*, 1^, 9* 
and 11* day). The dry weight per gram fresh weight was studied on 11* day. 
There were three predominant types of population growth curves of both the 
selected duckweeds treated with 36 selected detergents. Some of the detergents increased 
the population growth of the two duckweeds in almost logarithmic progression showing 
increase in population with increase in the concentration (10-50 ppm). A few detergents 
increased population of both the selected duckweeds to a certain level of detergent 
concentration and then the growth became stationary with further increase in detergent 
concentration. In the third type of response, the duckweed population initially increased 
in response to a certain level of detergent concentration and declined at higher detergent 
concentration. 
The detailed studies on the responses of the two selected weeds to 0, 10, 20, 30, 
40 and 50 ppm of Surf Excel were carried out in large earthen pots containing 15 liters of 
the solution. In these pots, 100 individuals of Lemna mmor and 20 individuals of 
Spirodela polyrrhza were inoculated (singly or jointly) on day T' from the pure 
duckweed stocks. The population of Lemna mmor consistently increased up to 40 ppm 
level of Surf Excel and then declined at 50 ppm. In each concentration the population of 
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Lemna minor increased with the growth stage. The dry weight of Lemna minor also 
increased with the concentration level of Surf Excel. All concentration levels of Surf 
Excel increased NPK uptake in Lemna. Only lower concentration of Surf Excel 
significantly increased chlorophyll content in Lemna mmor. The water quality studied in 
terms of turbidity and dissolved oxygen also decreased with the concentration of Surf 
Excel. 
The population of Spirodela polyrrhiza in large earthen pots increased 
significantly at 40 ppm of Surf Excel. The impact of Surf Excel on the growth of 
Spirodela polyrrhiza was marginal at 3"^  day showing a lag phase and then increased 
noticeably from day 7* onwards. The high concentration of Surf Excel neither increased 
the population significantly nor did it suppress. The chlorophyll content in Spirodela 
polyrrhiza increased on treatment with 40 ppm of Surf Excel. The NPK uptake also 
increased with the concentration of the detergent. The water quality decreased with the 
concentration of the detergent. 
In the experiments with combined species (with the same initial number of 
individuals as studied separately), the population of both the species was found in the 
state of interspecific competition despite increased phosphorus containing detergent. The 
Surf Excel detergent promoted growth of both the duckweeds in almost all concentrations 
but not to the extent as studied in the experiments with single species. The individual 
pattern of growth response of both the duckweeds in the combined species was almost 
same as recorded in the experiments with single species. The chlorophyll content in both 
the species was significantly higher in response to 30 and 40 ppm of Surf Excel. The 
optimum response of most of the parameters of both the species was observed at 30 ppm 
of Surf Excel. 
The impact of temperature (10°, 20°, 30°, 40° and 50°C) and pH (6.0, 6.5, 7.0, 7.5 
and 8.0) on the sensitivity level of the duckweed grown in 0, 10, 20, 30,40 and 50 ppm of 
Surf Excel was studied in polyvinyl pots. The optimum growth of Lemna minor was 
recorded at 30°C in all concentration levels. The peak of population growth of Lemna 
mmor was observed on 11* day in 40 ppm of Surf Excel maintained at 30°C. The 10°C 
temperature did not affect the growth response of Lemna mmor and the higher 
temperature of 40°C and 50°C were deleterious. The optimum NPK uptake in Lemna 
mmor was recorded at 20° and 30°C in the duckweeds treated with 30 and 40 ppm of the 
detergent. The phosphate uptake in the duckweeds and accumulation in water was found 
related with the temperature. 
The population growth of Spirodela polyrrhiza increased at 20° and 30°C. At 
higher temperature (50°C) the population of Spirodela polyrrhiza did not survive by the 
5"" day. The higher temperatures (40° and 50°C) reduced the dry weight accumulation in 
Spirodela polyrrhiza. The uptake of nitrogen and potassium increased at higher 
temperatures but the significant phosphorus uptake was recorded at even at lower 
temperature (10°C). 
The population of Lemna minor was found to be inversely related with the pH 
range between 6-8 (6.0, 6.5, 7.0, 7.5 and 8.0). The acidic pH continued to increase the 
population even at higher concentration of Surf Excel (30-50 ppm). The uptake of 
nitrogen and phosphorus in Lemna minor was also found to be higher at relatively lower 
pH. In Spirodela polyrrhiza, the pH range 6.5 to 8.0 did not affect the population 
significantly. The optimum population growth of Spirodela polyrrhiza was observed at 
acidic pH 6.0 and 6.5 and treated with 30 and 40 ppm of the detergent. The lower pH 
increased dry matter accumulation in Spirodela polyrrhiza. The uptake of phosphorus in 
Spirodela was found positively related with the detergent concentration rather than the pH 
level. 
It was inferred from the observations that detergents play important role in 
promoting the growth of duckweeds. Out of 36 detergents studied, certain detergents 
effectively in promoted the growth of duckweeds even in low concentration. Certain 
brands of detergents resulted in consistent increase in the growth with increasing 
concentration. The detergents may effectively alter the duckweed diversity. Although, the 
impact of detergents on the duckweed diversity has not been explicitly studied but the 
finding of the experiments on the growth responses of the two duckweeds grown singly 
and in combination (in adequate water medium) are compelling. 
The temperature effectively modified the duckweed response to the detergent. The 
cooler water medium had lesser degree of eutrophication than the moderately warm water 
medium. Not the phosphorus content alone, but the water quality (turbidity, pH, nutrient 
concentration and dissolved oxygen) modified by the detergent aggravated the problem of 
eutrophication. Therefore, the water bodies receiving acids from any source in addition to 
detergent are more likely to show a greater degree of eutrophication than a body receiving 
detergent without acids. 
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Introduction 
INTRODUCTION 
Water the precious natural resource, is essential for multiplicity of purposes. 
Water constitutes the major bulk (70-90%) of all living cells. It is an essential life 
supporting factor of every cell (microcosm), individual organism, ecosystem and cosmos. 
The fresh water is utilized in drinking, several domestic and household purposes, 
industrial cooling, power generation, agricultural irrigation and waste disposal. Since the 
time immemorial, the water bodies (river, lakes and oceans) have been the cheapest route 
of transportation. The nature has not provided any alternative or replacement of water to 
all life forms. Today in almost all spheres of human activity far more larger amount of 
water is drawn out of its sources than what is actually required. Due to careless and 
excessive use, a major bulk of water is drained out in impure state as waste. At many 
places in India, the clean water is no longer available for domestic uses. The rapid rise in 
the demand of fresh water is a manifestation of an equally rapid growth of consumers. 
However, the reckless over consumption, misuse, pollution, eutrophication and depletion 
of underground water table are the actual causes of wastage and degeneration of fresh 
water rather than a simple rise in the population. 
Beeton (2002) predicted that climate change and pollution are global problems 
that will affect all lakes, large or small. Diversion of water out or away from large lakes 
will become more of a threat as global human population growth continues and water 
supplies from rivers and groimd water become depleted. Most of the aquatic ecosystems 
of different characters worldwide receive regular inputs of various nutrients in varying 
quantities. High amounts of nutrients are unloaded into water bodies from human 
settlements via sewage. These nutrients result into extensive growth of aquatic flora 
leading to eutrophication. Eutrophication is a kind of nutrient enrichment process of any 
aquatic body, which results into an excessive growth of phytoplanktons. This undesirable 
over growth of aquatic plants and their subsequent death forms a greenish slime layer 
over the surface of the water body. The slime layer reduces light penetration and restricts 
re-oxygenation of water through air current. The death and decay of aquatic plants 
produces a foul smell and makes the water more turbid. 
Eutrophication or the promotion of the growth of plants, animals and 
microorganisms in lake and rivers, is a natural process. If allowed to occur uninterrupted, 
it results into an excessive deficiency of oxygen in the water. The organisms thriving 
under anaerobic conditions are favored more and more at the expense of aerobic 
organisms (Mengel and Kirkby, 1996). In surface waters, phosphorus concentrations 
exceeding 0.05 mg 1"' may cause eutrophic conditions (Hinesly and Jones, 1990). 
Eutrophication associated with land use change and over exploitation of resources is a 
growing problem. Many endemic species have disappeared and several are threatened so 
that the species association is likely to be altered (Beeton, 2002). Eutrophication of 
drainage ditches by over-fertilization with nitrogen and phosphorus causes a shift mainly 
from submerged aquatic vegetation to a dominance of duckweed. This causes anoxic 
conditions, loss of biodiversity and hampering of the agricultural functions of such 
ditches (Jans and Van Puijenbrock, 1998).The change in the eutrophic conditions is 
reflected in the occurrence, pattern of distribution and diversity of biotic community 
(Tiwari, 1998). 
Many natural water bodies are described as oligotrophic, for they have clear water 
ecosystems in which primary and secondary productivities are limited by a shortage of 
the major nutrients (Beeby, 1995). These oligotrophic water bodies brought under natural 
succession require thousands of years to become eutrophic. The enrichment of aquatic 
ecosystems through the discharge of human wastes specifically the phosphate based 
detergents from settlements and excessive phosphorus fertilizers from agricultural lands 
brings down the water bodies under an undesirable faster rate of eutrophication (Egli et 
al., 1990). 
The common household detergents are the major anthropogenic source of 
lAosphorus input into the nearby water bodies and sewage treatment plants. The 
detergents normally consist of two basic components viz., the surfactants and the 
builders. The surfactants or surface-active agents are the main cleaning agents. Various 
brands of detergents prevalent in the Indian market usually contain only 10-30% 
surfactants (Rao, 1998; Khitoliya, 2004). The remainder comprises of builders as 
polyphosphate salts. In addition to these two components, certain products contain small 
amounts of optical whiteners to increase cleaning efficiency. About 1 ppm of surfactant 
produces foam in river and sewage treatment plants (Plate 1). This concentration is non-
toxic to human being but gives an off'-taste to drinking water and exerts a significant 
impact on ecosystem. Just 0.1 ppm of surfactant reduces the rate of oxygen absorption in 
water to about half (Rao, 1998). 
Surfactants used in detergents until 1960s were least biodegradable alkyl benzene 
sulphonate. These surfactants were replaced by a rapidly biodegradable one called linear 
alkyl sulphonates. At present, the release of polyphosphate builders into natural water is a 
more potent environmental problem than surfactants. It causes eutrophication of the water 
bodies in which it is released. Nitrilotriacetate was considered to be a replacement of 
polyphosphate builder but it proved to be hazardous to human health. The best alternative 
is the minimized use of phosphates in detergents (Rao, 1998). 
Plate 1 
The plate shows the foam produced during the pumping of water from Jeffrey 
drainage of the Ahgarh Muslim University. The drainage contains large quantities of 
detergent discharged from the hostels accommodating 27,000 students, departments of 
studies, residential colonies in the university campus. The drain shows increasing degree 
of eutrophication which has resulted in the shallowing of the drain on the terminal sides. 
The pumping of water produced large quantity of foam due to presence of detergent. 
Photograph A and B shows deposition of garbage on the margins which further caused 
the shallowing of drain in addition to excessive growth of plants. Photographs shows 
view of the foam from the Medical road. N, E, S, W, shows the north, east, south and 
west directions, respectively. 
Plate 1 
Nitrogen and phosphorus are essential elements required by plants and animals for 
maintaining their growth and metabolism. Small amounts of nitrates and phosphates 
occur in all aquatic ecosystems and maintain a balanced biological growth in such 
ecosystems. In wastewaters, these nutrients are abundant as phosphates, nitrates, and 
ammonia or combined organic nitrogen. These compounds often enter the water bodies 
directly from the fertilizers manufacturing and processing units or from the agro-
ecosystems having excessive applications. Some of these nutrients enter into the water 
bodies from household related activities through drainage and sewage via sewage 
treatment plants. An unusual and frequent 'algal bloom' occurs in the water bodies due to 
large concentrations of nutrients (Beeby, 1995). This algal bloom results into the 
formation and eventually floating of greenish slime bodies over the surface of water 
bodies. The death and decay of slime bodies increases the water turbidity, reduces the 
depth of the water body, causes foul smelling and results into the deficient oxygen in the 
aquatic body (Rao, 1998). Experimental studies on eutrophication revealed that trophic 
structure rapidly changed from phytoplankton to higher plant and animal community. The 
dissolved oxygen content gets reduced. Welch and Crooke (1987), through a model 
predicted the decline in phosphorus loading by diverting effluents away from the Lake 
Washington, which became eutrophic as the city Seattle expanded. 
The rate of eufrophication is reported to be faster in the Lake Lugano owing to the 
excessive discharges from human settlements around the lake due to increased population 
and immigration (Barbeiri and Simona, 2001). In 1960s, the Lake Lugano received about 
55% of phosphorus from the metabolic sources and 45% from detergents and other 
cleaning products. In 1986, a joint strategy was launched to reduce the phosphorus input 
in the Lake by eliminating the quantity of phosphorus present in detergents and other 
cleaning agents. The phosphorus load in last 20 years has reduced from about 250 to 70-
80 tons yr"', eventually the NPP has decreased from 420 to 310g m'^  yr"', and the 
chlorophyll concentration has fallen from 14 to 9 mg m"^ . The complete recovery of lake 
is due to be completed by the year 2005 (Barbeiri and Simona, 2001). 
Enrichment of coastal water with high levels of phosphates is reported to have 
adversely affected the physical, biological and chemical characteristics of the ecosystem 
(Sachoemar and Yanagi, 1999). Welch and Crooke (1987), through a model predicted the 
decline in phosphorus loading by diverting effluents away from the eutrophic Lake 
Washington. Eutrophication is a major cause of water quality deterioration in many 
Korean reservoirs (Kwang-Guk et al., 2003). Recently, Korean reservoirs have shown 
excessive anthropogenic nutrient enrichment (Kim et al., 1985; Kim et al., 1989; Ahn et 
al., 1989; An and Kim, 2003), decreased transparency (Cho et al., 1991) and frequent 
algal blooms (Kim et al., 1988; Cho et al., 1989). Eutrophication of these systems has 
mainly attributed to organic feed used in in-lake fish farms (Choi et al., 1988; Choi et al., 
1991) and agricultural runoff (Kim et al., 1997). Studies of Taechung and Soyang 
reservoirs demonstrated that phosphorus input from the farms was estimated at > 45 per 
cent of total P loads (Cho et al., 1991) and exceeded VoUenweider's (1976) dangerous 
loading level (Kim et al., 1989). 
Significant seasonal variation in the chlorophyll a of the planktons in the northern 
coast of Karawang- West Java, Indonesia has been reported besides variations in physical 
and chemical characteristics. These variations have been attributed to the eutrophication 
resulting from nutrient enrichment of costal water suspected to be caused by organic 
wastes from agricultural and aqua cultural practices (Sachoemar and Yanagi, 1999). Most 
of the Indian lakes are highly eutrophic due to the greater amount of nutrient inputs from 
domestic and industrial sources and agricultural activities 
Eutrophication is one of the senous kinds of water pollution directly affecting the 
fauna due to the loss of dissolved oxygen level It leads to an early and relatively faster 
mortality rate of fishes and thus spoils the desired water qualities of ponds or lakes The 
fishing operation and navigation becomes difficult due to enmeshed and heavy growth of 
plants The hydroelectric generation from such water storages is adversely affected as 
nutnent nch water (of such reservoirs) acts chemically upon the turbines At the end of 
algal bloom, the decomposing debns also spoils the desired water characteristics and may 
bnng in the growth of disease causing bacteria An uncontrolled eutrophication leads to a 
rapid upwelling of a water body The limited storage and water recharging capacity of 
smaller freshwater bodies reduces by silting Small lakes and many ponds steadily lose 
their aquatic entity and become permanently terrestrial in nature. 
The members of the duckweeds family Lemnaceae are small free floating plants 
which propagate rapidly They are very sensitive to many factors of surrounding 
environment Their potentials to use as indicators of water quality have been studied by 
several workers (Srivastava and Jaiswal, 1989) Duckweeds are appropriate matenal for 
the investigation of metal accumulation and its toxicity The duckweeds change their 
morphology growth rate m response to even a very small amount of water pollutant 
(Jaiswal and Srivastava, 1987) On certain cnteria Thornton et al (1986) considered 
Lemna minor as ecologically sensitive species The growth of Spirodela polyrrhiza was 
found directly related with the type and nature of the water (Ansan and Khan, 2002) 
Duckweed species are promising macrophytes for the use in sustainable wastewater 
treatment due to their rapid growth, ease of harvest and feed potential as a protein source 
The duckweeds showed a high growth rate and productivity in well managed system 
(Edwards, 1985, 1992). The duckweeds have been found responsible for three-quarters of 
the total nitrogen (N) and phosphorus (P) loss in very shallow aquatic systems (Komer et 
al, 2003) and thus have potentials of phytoremediation The duckweed growth shows a 
direct response to the chemical composition of water (Landolt, 1986) Wastewater 
concentrations and seasonal climate conditions had direct impacts on duckweed growth 
and nutrient uptake by these plants (Cheng et al, 2002). 
In the present work experiments were designed to study the extent of 
eutrophication caused by 36 selected household detergents in the fresh water ecosystem 
The population and growth behaviour of the selected duckweeds namely Lemna minor 
(L.) and Spirodela polyrrhiza (L.) of family Lemnaceae was studied as a measure of 
eutrophication caused by detergents In the present work, growth behaviour of both the 
free floating duckweeds have been studied with special reference to "Surf Excel" 
detergent powder commonly used in India 
Review of Literature 
REVIEW OF LITERATURE 
Definition of Eutrophication 
Lakes and estuaries accumulating large amounts of plant nutrients are called 
eutrophic (from the Greek words eu meaning 'well' and trophe meaning 
'nourishment'). Eutrophication may be defined as the sum of the total effects of the 
excessive growth of phytoplanktons leading to imbalanced primary and secondary 
productivity, faster rate of succession from existing to higher serai stage as caused by 
nutrients enrichment through the of runoffs carrying down overused fertilizers from agro-
ecosystems and or discharged human wastes from settlements. Eutrophication is a plant 
growth promoting process resulting from accumulation of nutrients in lakes or other water 
bodies. It is in fact a very slow natural process, but can be greatly accelerated by human 
activities increasing the rate of nutrients input in a water body. 
Among various natural resources, water is an important resource and one of the 
prime necessities of life. The water quality is deteriorating steadily due to rapid 
industrialization and urbanization. Undesirable changes in the physico-chemical 
characteristics of water bring about water pollution, which in turn affects the planktonic 
flora of the water body in question. The key nutrients responsible for eutrophication are 
nitrogen and phosphorus (Singh and Kumar, 2004). Algal growth is limited by the 
available supply of phosphorus or nitrogen. Oligotrophic water bodies contain less than 5-
10 ^g r' of phosphorus and less than 250-600 jig 1"' of nitrogen. The mean primary 
productivity in oligotrophic water is reported between 50-300 mg carbon m" day". In 
moderately eutrophic water bodies the phosphorus content varies between 10-30 ng 1"' 
and nitrogen between 500-1100 ^g 1"'. The primary productivity in eutrophic water is 
reported to be above Ig carbon m''day"' (Likens et al, 1977). If excessive amounts of 
phosphorus and nitrogen are added to the water, algae and aquatic plants can grow in 
large quantities. These algae when die, are decomposed by bacteria. The decomposers use 
up dissolved oxygen of the water body. The dissolved oxygen concentrations often 
dropped too low for fish to breathe leading to fish kills (Murphy, www.google.com). 
Eutrophication Studies on Lakes 
The lakes can be synthetically characterized as plain lakes, very shallow, 
polymictic, eutrophic or hypereutrohpic. During the peak of the growth season three types 
of the large lakes are distinguished, (1) lakes with relatively low phytoplankton biomass 
and abundant rooted macrophytes, (2) lakes with high inorganic turbidity, scarce 
macrophytes population and low phytoplankton biomass and (3) lakes clearly limited in 
their productivity by light availability would be the result of direct human action on their 
drainage basins (Quiros et al., 2002). The limnological studies of lakes, rivers and streams 
have been emphasized owing to deterioration of water quality due to eutrophication 
(Saxenaetal, 1988). 
The Lake Erie in U.S.A. is a fitting example of eutrophication due to man-made 
problems. This lake is surrounded by four American states and one province of Canada. It 
is approximately 240 miles long and 57 miles wide. The lake has a shallow western basin 
(average depth of 24 feet), a deep eastern basin (maximum depth of 210 feet) and a 
central basin (average depth of 60 feet) in between the two. The Lake is biologically 
most productive of the Great Lakes because it is the shallowest, warmest and excessively 
rich in nutrients (Reutter, 1989). The human activities around the lake have enhanced the 
nutrients input rate and accelerated the natural aging process known as eutrophication. 
This aging process brought down the lake under faster cycle of succession. The 
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succession is the process by which a water body becomes a marsh then a bog and finally a 
drier terrestrial body (Reutter, 1989). According to an estimate, over 80 tons of 
phosphates were added daily in the lake in 1965. According to an estimate, each 400g of 
PO4 induce algal bloom to add about 350 tons of algal slime (Sharma, 1998). The nutrient 
(such as phosphorus) enrichment in the Lake Erie has resulted into huge blooms of 
floating blue green algae and the attached green alga, Cladophora sp. These blooms have 
rolled onto beaches in large mats resembling green steel wool. The blooms impaired the 
light penetration in the lake, reduced photosynthesis and oxygen production. When the 
bloomed algae died, the decomposers further depleted the dissolved oxygen (Reutter, 
1989). Interestingly, all forms of phosphorus entering the Lake Erie were not biologically 
available to phytoplanktons. Therefore, reducing total phosphorus input is not as 
important as reducing the input of usable phosphorus (bio-available or soluble reactive 
form). It is also known that detergents, sewage and agricultural fertilizers are major 
sources of phosphorous in a form capable of stimulating the growth of algae (Reutter, 
1989). 
The Lake Washington became eutrophic as the city of Seattle expanded and 
discharged more of its effluent into the lake. Models accurately predicted the decline in 
the phosphorus concentration of the water when the effluents were diverted. These 
models helped to demonstrate that phosphorus was the key nutrient in the eutrophication 
of the ecosystem (Welch and Crooke, 1987). Lake Okeechobee in USA is a shallow, 
mixing basin with annual total phosphorus concentrations ranging between 50 to 100 ^ g 1' 
'. The seasonal minima in orthophosphorus and inorganic nitrogen were found limiting 
seasonally (Schelske, 1989). Owing to seasonal and spatial gradations in P and N 
concentrations, the empirical models based on aimual phosphorus loadings were not 
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found adequate to predict chlorophyll concentration or other trophic state variables in the 
Lake (Schelske, 1989) Lake Apopka is a large shallow lake in Florida, USA The lake 
was made hypereutrophic by phosphorus loading from floodplain farms and has high 
levels of nutrients, phytoplankton and suspended matter (Conveney et al, 2002) 
In the Lake Lugano (located at the border between Italy and Switzerland) a faster 
rate of eutrophication is reported due to the excessive discharges from human settlements 
around the lake owing to population increase and immigration (Barbein and Simona, 
2001) In 1960s, the Lake Lugano received about 55 % of phosphorus from metabolic 
sources and 45 % from detergents and cleaning products Field investigations were 
conducted on Jaroslawieckle Lake in summer 1996 The Lake had several plant 
communities in corresponding variable environments Most habitats of this lake were 
eutrophic Analysis of the phytoplankton samples and bottom sediment showed a 
succession of algae, corresponding to the increasing trophic levels Most freshwater lakes 
in the northern and western Netherlands are very shallow (<2 m). These lakes vary m area 
from a few hectares to few thousand hectares The input to the lakes of phosphorus (P) 
and nitrogen (N) and of polluted waters from the rivers and canals have been the major 
cause of eutrophication (Gulati et al, 2002) 
In Uruguay there was no upper limit for phosphorus content in detergents 
Detergents contnbuted 58 % of the daily P-load (2 5 ton) to the Rio de la Plata at 
Montevideo The consumption of phosphorus based fertilizers in Uruguay showed an 
oscillatory pattern of increase and decrease between 1959 and 1985, and stability from 
1985 to 1990 at around 40,000 tons per year Based on soil erosion levels, population 
settlements and fertilizer use data, the water-bodies were phosphorus sensitive in the 3 
zones of the country viz, central- south, west zone, and the eastern rice fields 
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(Sommaruga et al., 1995). 
The majority of Danish lakes are highly eutrophic due to high nutrient input from 
domestic sources and agricultural activities. Several factors viz., reduced nutrient 
retention, more rapid removal in catchments and chaxmelization of streams also played a 
significant role in eutrophication (Jeppesen et al., 1999). Control measures resulted in 
73% reduction in total phosphorus concentration of point source polluted streams since 
1978, but there was no significant reduction in the total nitrogen concentration (Jeppesen 
et al., 1999). Surface runoffs rich in agricultural wastes and underground seepage from 
urban and rural areas enriched the Lake Kastoria in Greece with nutrients and intensified 
eutrophication (Koussouris et al., 1991). 
Lake Peipsi (3555 km ,^ mean depth 7.1 m), consisting of 3 parts (Lake Peipsi, 
Lake Pihkva and Lake Lammijarv), is located on the border of Estonia and Russia. 
Lake Peipsi part is unstratified eutrophic possessing mesotrophic features. Lake 
Lammijarv part has some eutrophic features and the Lake Pihkva part is a typically 
unstratified eutrophic. The mean concentrations of total phosphorus and nitrogen in the 
surface water were 42 and 767 mg m"\ respectively. The biomass of phytoplankton 
fluctuated between 1 and 125 g m"' that of zooplankton fi-om 0.088 to 6.344 g m'', with a 
summer average of 3.092 g m"^ . The species diversity was up to 129 taxa and the 
dominant species were typical of eutrophic lakes including Phragmites australis 
(Haberman et al., 2000). 
Lake Taihu in China is in the meso-eutrophic stage owing to the nutrients 
unloading from local industries and agricultural areas. The Main eutrophic area of this 
lake is Meiliang Bay. The chemical oxygen demand (COD) was 4.63 mg l ' in 1993. 
Total N and total P contents were 3.93 mg 1"' and 0.107 mg 1"', respectively in 1995. The 
13 
Microcystis sp. among 5 major component phytoplankton species occupied 85 % of algal 
biomass and lead to an algal bloom in summer which in turn affected water supply to the 
city of Wuxi (Weimin et al., 1997). Eutrophication is one of the main factors causing 
increased growth of green algae and turbid waters in Donghu Lake, in China (He-Feng et 
al., 2002). Excessive growth of Eicchornia crassipes and Alternanthera pheloxirodes has 
been noted in the shallow eutrophic lake Donghu. The blooming in terms of biomass and 
height of the species was noted in the month of November in 1996 and 1998. A. 
pheloxirodes showed the beginning of bloom in September and E. crassipes a little later 
in the month of October (Liu et al., 2004) 
City Park Lake is a shallow urban hypereutrophic lake located in Baton Rouge, 
Louisiana. The lake had become highly eutrophic and suffered from frequent algal 
blooms and fish kill (Ruley and Rusch, 2002). 
Garg et al. (2002) studied three fresh water lakes of Bhopal (Upper Lake, Lower 
Lake, and Mansarovar Lake) in India, to asses the floral ecology and potential fertility 
of lentic waters. Eutrophication was found highest in Mansarovar. The nutrient unloading 
into the lake initially promoted the growth of phytoplanktons. But the higher nutrient 
levels eliminated the sensitive phytoplankton due to competition with other species (Garg 
et al., 2002). Hydrobiological study of Lake Mirik in Darjeeling Himalayas, India was 
conducted by Jha and Barat (2003). The study revealed higher concentration of nutrients 
at certain pockets of the lake, due to increased human influences which spoiled the 
quality of potable water. Bellandur Lake is one of the major lakes of Bangalore in India. 
The addition of effluents from urbanized Bangalore city has changed the characteristics of 
the lake from a natural oligotrophic lake to an artificial reservoir of domestic sewage and 
industrial effluents (Chandrashekar et al., 2003). Singhal and Mehto (2004) studied the 
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characteristics Robertson Lake in the urban area of Jabalpur in India and found low 
species density, fast lake shallowing, dominance of detritus food webs, and the water 
unsuitable for human consumption. 
To have more insight into the gravity of damages caused by eutrophication to our 
depleting water resources, a brief account of the ecological aspects of distribution and 
water cycle is given herewith. 
Water Resources 
Water is a most essential natural resource. The main sources of water are rainfall, 
surface water (ponds, rivers, lakes) and ground water (wells, water pumps). The water has 
several fold ecological significance. It constitutes 70% of the weight of organisms and 
thus it is a significant medium for biological activities. About 70% of the earth surface is 
covered by water constituting aquatic ecosystems. Water is an agent of - a) energy 
transfer in ecosystems, b) geological activities causing weathering of rocks to form soil, 
c) nutrient distribution medium as a solvent for soluble salts or suspending medium for 
insoluble salts, d) atmospheric temperature regulation as the water vapours act as an 
atmospheric blanket and absorbs heat radiations and thus regulate the temperature of 
upper earth crust and e) atmospheric scavenger as water vapours absorb gaseous 
pollutants and particulate matters and wash them down. 
a) Water Cycle 
The cycle involves evaporation, transpiration, cloud formation and precipitation. 
Only a minor quantity of water resource remains in circulation between the atmosphere 
and water bodies of the earth surface, living organisms, underground water bodies and 
oceans. The melting water locked into the ice caps is brought down through the water 
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streams and rivers. Ultimately a bulk of it is drained into the lakes and oceans. Where 
from it evaporates, again and brought back to the land as clouds and precipitated down 
and recharges the underground and surface water bodies. Per gram of ice requires 80 g cal 
of energy to get converted into liquid state and another 536 g cal to get vapourized. In the 
dimictic lakes of temperate regions the temperature inversion twice in a year causes 
movement of water of surface layer to deeper layers and vise and versa. 
Figure 1 shows a circulation of water between land surface and ocean via 
atmosphere and its locking into the underground water. Major amount of the evaporated 
water from the oceans and major lakes is precipitated down in the oceans and lakes. Only 
a part of the evaporated water is transported to the land through the atmosphere, where it 
precipitates down. Some quantity of water and is evaporated back. Part of precipitation on 
the land is intercepted by the forest, green plants, crops and a large number of organisms 
and other objects on the earth. The part of water available on the earth surface circulates 
among all organisms of the terrestrial and aquatic ecosystems. The pattern of water cycle 
is shown in figure 1. During the circulation of water between ocean and land, the highest 
global average of water (available on the land) is reported in the month of March and 
April. In India, however, the larger quantity of water on the land is received in the 
monsoon months from mid June to September. The excessive availability of water on 
land varies region to region and local climate. 
b) Distribution 
Nearly, 5% of the total estimated water in the earth and in the atmosphere is in 
free circulation and remaining 95% of earth's water is locked into lithosphere and 
sedimentary rocks. About 99 parts of the 5% of freely available water (4.95%) is in the 
oceans and only 1 part (0.05%) is potentially available for circulation on land. Among 
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Figure 1 shows the water cycle. 
About 80% of the water evaporated from oceans in the form of cloud and settles down 
into the oceans as a result of precipitation. 20% of the evaporated water vapours in the 
form of cloud are dispersed and where it precipitates on the vast area of the land. 
About half of the rain/ precipitation are evaporated back into the atmosphere and thus 
only 10% of the precipitation returns back to the ocean through the surface run-off and 
thus only a minor amount of the total precipitation remains available for the growth of 
plants and other organisms as well as recharging of the water bodies and underground 
water. 
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various water resources on earth, the Ocean accounts for 97.6%, ice caps and glaciers 
1.87%, ground water 0.5%, rivers, lakes and inland seas 0.02%, soil moisture 0.01% and 
atmosphere 0.0001% almost in traces (Asthana and Asthana, 1998). There are three major 
global resources of water viz., (a) precipitation over the earth surface in the form of rains, 
dew and snow, (b) surface water as rivers and lakes and (c) underground water. The water 
bodies having still water are referred as lentic (ponds and lakes). Those water bodies 
having running water are called lotic (rivers). These two ecosystems differ considerably 
in ecological, chemical and physical characteristics. Lentic water bodies are stagnant and 
enclosed by earth surface from all its sides. Such water bodies have no exit for water 
outflow. 
Most Indian rivers have nearly 80% of their discharge during the monsoon 
months. The total live or effective storage capacity has now reached to 3.65 M m .^ The 
storages as expressed in percentage of total flow shows Peimar to be the highest with 61% 
followed by Mahi 56%, Tapi 45% and Krishna 44%. All these rivers have reached the 
saturation level of nearly 50%, rest ranges from 34% (Indus) to 7% (Ganga), 6% 
(Narmada) and 4% (Subamarekha). Power generation is another cause of ecological 
degradation in these water bodies due to dams and canals (Sharma, 1998). However, the 
discharge of nutrients specifically the phosphorus input is the major cause of the 
degradation of characteristics, species structure and size of the water bodies. 
Phosphorus and its Role 
Phosphorus is a macronutrient necessary for all living cells. It is an important 
component of adenosine triphosphate (ATP), adenosine diphosphate (ADP), 
Nicotinamide adenosine dinucleotide phosphate (NADP), nucleic acids (DNA and RNA) 
and phospholipids in cell membranes. Phosphorus may be stored in intracellular volutin 
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granules as polyphosphates in both prokaryotes and eukaryotes. It is a limiting nutrient 
for algal growth in lakes. 
a) Role of phosphorus in eutrophication 
The average concentration of total phosphorus (inorganic and organic forms) in 
wastewater has been reported to vary in the range of 10-20 mg 1"' (Bitton, 1999). 
Approximately 15% of the US population contributes phosphorus containing wastewater 
effluents to lakes, resulting in eutrophication of these water bodies (Hammer, 1986). 
Phosphorus concentration in clean waters is generally very low. Phosphorus is used 
extensively in fertilizers and other chemicals, and commonly accumulates in higher 
concentrations in the water bodies around a^cultural fields or densely populated areas. 
In water bodies, the phosphorus may be present in various forms. All forms of 
phosphorus are not readily available to plants. Total phosphorus is a measure of all forms 
of phosphorus (dissolved or suspended) found in any water sample. The soluble reactive 
phosphorus is a measure of orthophosphate. The soluble inorganic (a filterable fraction) 
phosphorus is the form directly taken up by plant cells. While monitoring the water 
bodies, the latter form of phosphorus would be of special significance to determine the 
stage of eutroprfiy and oligotrojrfiy. 
Natural waters are normally deficient in phosphorus and other plant nutrients. 
Such natural water bodies support to only a limited growth of algae and higher aquatic 
plants. An additional loading of phosphorus in any of the various forms (viz., 
orthophosphate, pyrophosphate, metaphosphate, mono- and di-hydrogen phosphate etc.) 
results into an undesirable extensive growth of alg^e and/or other aquatic plants like 
water hyacinth (Ambasht and Ambasht, 1992). The death and decay of the bloomed 
aquatic flora further deteriorate the natural water bodies. The organic form of phosphorus 
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is decomposed by bacteria in the bottom of the eutrophic water bodies and converted into 
inorganic form, which readily diffuses upwards to photic zone. The inorganic form of 
phosphorus is recycled again by the aquatic flora via absorption, photophosphorylation, 
growth, death and decay. Notestein et al. (2003) suggested that implicated phosphorus 
rather than nitrogen, as the nutrient that potentially limits periphyton growth in the coastal 
stream of Florida, USA. 
The Clastic sediments specifically in summer months were found to act as a sink 
of phosphorus in a German lowland river. The particulate iron was reported to be the 
sorption site of phosphorus. The organic river substrate was, however, found to be a 
source of phosphorus rather than a sink (Schulz and Herzog, 2004). England and Wales 
was foimd vulnerable to the transfer of sediment P from agriculture to river. The 
estimation of P transfer risks were carried out on a larger grid size of resolution of 25 
Km (Chapman et al., 2004). The phosphorus concentration in the nver Stour exceeded 
the standard limit of the Environment Agency (Kelly and Wilson, 2004). 
b) Sources of phosphorus and biogeochemical cycle 
There are several sources of phosphorus. It is essential in metabolism and is 
usually present in animal wastes. Any nearby cattle feedlots, hog farms, dairies, and 
barnyards may be common sources of phosphate runoff reaching the water body. 
Polyphosphates often used in water treatment may enter the water body and get converted 
to orthophosphate. Polyphosphate storage has been demonstrated in bacteria, yeasts, 
filamentous fimgi and photosynthetic algae (Kulaev, 1979). Phosphate mining and 
processing are the other sources of phosphate to nearby rivers or lakes in some areas. The 
phosphorus bound to soil particles may also be released to a water body as a result of 
forest fire or soil erosion. In freshwater systems phosphorus has been identified as the 
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"limiting nutrient" to phytoplankton development. This nutrient is mainly brought to 
aquatic environment from rocks weathering, soil leaching and rain (natural source). But a 
major part of phosphorus is unloaded into aquatic bodies from agricultural run off 
industrial wastes, sewage treatment plants or domestic sewage and detergents 
(Palaniappan et al., 1995). 
In biogeochemical cycle, the phosphorus enters the aquatic and terrestrial 
ecosystems from natural sources comprising mainly of phosphorus rocks, igneous rocks 
and soil sediments. The erosion and weathering caused by rain and wind let the 
phosprfwrus enter into aquatic and terrestrial ecosystems (Figure 2). The weathered 
phosphorus has five forms viz., mineral form, stable organic form, labile organic form, 
labile inorganic form and soluble form. Of these, the labile inorganic and soluble forms of 
phosf^orus are directly available to autotrophs in both the ecosystems. After binding into 
the organic molecules the phosphorus moves from autotrophs to higher trophic levels in 
the organic form. And after entering into the detritus food chain, the phosphorus is again 
converted into available inorganic form and recycled into the biological systems 
(Figure 2). 
During phosphorus cycling, a huge quantity gets locked into the bones for a longer 
period. A part of phosphorus is locked for the past several million years in the form of 
fossils. A significant quantity of phosprfiorus is harvested as food stuff mainly from the 
terrestrial ecosystem and a part from the aquatic ecosystem. The phosphorus of harvested 
food stuff remains temporarily locked in stored grains and wood etc. Part of the 
phosphorus from household and agro-ecosystems enters into the aquatic ecosystems 
through the sewage or flood (red arrow. Figure 2). Sometimes, part of the phosphorus 
accumulating into the aquatic ecosystem is brought back to terrestrial ecosystems by back 
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aquatic ecosystems. 
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waters or harvest and composting etc (2 way red arrow. Figure 2). The grazing food 
chains of both the ecosystems are also connected through the predation. 
The phosphorus pollution was mainly attributable to floor and utensil cleaning 
rather than to direct food wastes. The phosphate is relatively inmiobile element and may 
be carried to streams through soil erosion and storm runoffs from over or excessively 
fertilized agricultural fields, nurseries, lawns and orchards. Certain synthetic chemicals 
such as pesticides, construction materials, flame retardaint and plasticizers are the other 
sources of phosphate discharges. Fertilizers generally contain phosphorus in the form of 
orthophosphate and are a major cause of eutrophication in freshwater systems (Sharpley, 
1999). 
Domestic sewage too is high in phosphates. Over 50% of it comes from human 
wastes and 20%-30% from detergents. Animal feedlots are sources of both nitrates and 
phosphates (Penelope and Charles, 1992). In water bodies around villages, towns and 
cities, enough phosphorus is released from detergents, sewage and industrial effluents. 
Some fraction of phosphate fertilizers applied to agricultural field's runoff to water bodies 
(Ambasht and Ambasht, 1992). River Nandira, a tributary of Brahmani received partially 
treated or untreated waste water of fertilizer factory which caused considerable change in 
colour, odour, pH and chemical characteristics of the river water. The phytoplankton 
occurring in the impolluted sites disappeared with a proportionate increase in the 
pollution load of Nandira (Tripathy and Adhikari, 1990). 
c) Monitoring of phosphorus 
Studies on the impact of abiotic factors over the biotic components of two ponds 
in Jammu (India) revealed that the deficiency and availability of calcium and Phosphorus 
was related with the phytoplankton density (cell 1"') in the ponds. In certain months, the 
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higher amounts of phosphate-phosphorus (PO4- P) accumulated in one of the two ponds 
studied (Kant and Raina, 1990). The phosphorus was presumably released from death and 
decomposition of the phytoplanktonic population. The complete presence, absence or 
insignificant amoimt of PO4-P in certain months of a year was related with the locking of 
phosphorus within the macrophytes and phytoplankton during its bloom (Kant and Raina, 
1990). 
d) Phosphorus cycle 
Phosphorus enters all water bodies continuously in runoff water and inlet streams. 
Phosphorus is also regularly lost from the water bodies through outlet streams and by 
incorporation in the sediments or mud. When a lake has anoxic bottom water in summer 
and stratifies, the top few millimetres of mud gets chemically reduced to a condition that 
allows the phosphorus release back to the water. The bottom water thus becomes 
phosphorus rich. Stirring of the lake by winter storms brings the phosphorus rich water to 
the surface, completing an armual cycle and fertilizing the lake for a spring plant bloom. 
Almost similar pattern of phosphorus cycles are common in other water bodies. Figure 3 
shows the phosphorus cycle, P- enrichment and movement between terrestrial and aquatic 
ecosystems. Two major sources of phosphorus input have been shown in figure 3. The 
weathering of phosphate rocks forms the natural source of the operation of phosphorus-
cycle. The detergents, fertilizers and household wastes are the anthropogenic sources of 
phosphorus. The later source of phosphorus input is the main source of eutrophication 
(Figure 3). 
In certain lakes and ponds, algae were found growing at an unprecedented rate. 
This was attributed to the extensive use of sodium tri-polyphosphate in the detergent 
industries and then discharged down through the drainage. Phosphates also find their way 
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Straight red arrows- P enrichment processes from anthropogenic sources; bent red 
and green arrows- P movement from terrestrial to aquatic and aquatic to terrestrial 
ecosystem respectively; straight green arrows- P enrichment from natural process; 
blue arrows- cycling of P from inorganic to organic, soluble and insoluble forms, 
yellow bent arrows- locking and unlocking of phosphorus in the sedimentation layers 
by microbial actions. 
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into these water systems from agro-ecosystems and domestic water discharges. In the last 
few decades, the excessive use of detergents and phosphate fertilizers is so concurrent 
that the causes of eutrophication are not attributable to either of the two sources. The 
detergent industries are looking for an efficient substitute of sodium tri- polyphosphate. 
Phosphates are the major ingredients of most detergents and favour the luxuriant growth 
of algae. The detergent builders contribute significantly (approximately 50%) to the 
phosphate present in sewage effluents. Nitrilotriacetate (NTA) was considered to be an 
alternative but later it proved to be hazardous to human health. At jH e^sent there is no 
acceptable substitute available for polyphosphate builders in detergents. The best 
alternative is to minimize the use of phosphates in detergents (Rao, 1998) 
Detergents and Their Role 
a) Definitions 
Many definitions of synthetic detergents have been proposed, all of which are 
very wide. The Comiti International de Dirivis Tensio Actifs has after several years of 
deliberations have defined the detergent as "Product, the formulation of which is specially 
devised to promote the development of detergency". A detergent is a formulation 
comprising essential constituents' viz. surface active agents and subsidiary constituents' 
viz. builders, boosters, fillers and auxiliaries. Perhaps the most widely used detergents are 
sodium salts of alkylbenzene sulfonic acids. A long-chain of alkyl group is attached to a 
benzene ring by the action of Friedel-Crafls catalyst and an alkyl halide, alkene or 
alcohol. Sulfonation and neutralization yields the detergent (Morison and Boyd, 2000) 
Among the two basic components of detergent (the surfactants and builders), the 
surfactants or surface-active agents are the main cleaning agents. Various brands of 
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Indian detergents including those of multinational companies prevalent in the market 
usually contain only 10-30 % surfactants. The remainder comprises of builders as 
polyphosphate salts (Rao, 1998; Sharma, 1997). In additions to the basic two components, 
certain products contain small amounts of optical whiteners to increase cleaning 
efficiency. About Ippm of surfactant produces foam in river and sewage treatment plants. 
This concentration is non-toxic to human being but gives an off-taste to drinking water. 
Just 0.1 ppm of surfactant reduces the rate of oxygen absorption in water to about half 
(Rao, 1998). Some proteolytic enzymes like 'alkalase' are added in many detergents 
which help in removing the proteinaceous stains from cloths (Gupta, 1999). The enzymes 
used may accelerate the growth of aquatic plants by increasing the availability of 
proteineous compounds. 
Orthophosphates and certain polyphosphates are major constituents of many 
commercial cleaning preparations. In 1950s and 60s, sodium phosphate was often used as 
a builder in house-hold detergents to increase cleaning power. The extensive use of 
detergents led to major eutrophication problems. In the 1960s efforts were made by 
governments, detergent manufactiu^ers, and consumers to reduce the use of phosphates in 
detergents. As a result, phosphorus concentrations in many streams and lakes decreased. 
This was due to limits on the phosphate content of detergent and also additional treatment 
used in wastewater treatment plants to remove phosphorus. Many states have a ban on 
phosphates in detergents (Campbell, kiwi web, www.google.com). 
b) Synthetic detergent 
Although the start of the synthetic detergent industry is not shrouded in the veils 
of history as were the beginnings of the soap industry, it is nevertheless not easy to 
pinpoint exactly when the detergent industry, as such came into being. The term 
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frequently referred to as synthetic detergent needs to be defined. In USA the terms 
surfactant or syndet are being used and in Europe the term tenside (for tensio-active 
material) is more common. The first synthetic detergents seem to have been developed by 
the Germans in the First World War period to allow fats to be utilized for other purposes. 
Chemically these detergents were of the short-chain alkyl naphthalene sulphonate type, 
made by coupling propyl or butyl alcohols with naphthalene and subsequent sulphonation 
and appeared under the general name of Nekal. These products proved to be only fair to 
moderately good detergents, but good wetting agents and still being produced in large 
quantities for use as textile auxilaries (Campbell, kiwi web, www.google.com). 
In the late 1920s and early 1930s long-chain alcohols were sulphonated and sold 
as the neutralized sodium salts without any fiuther additions except for sodium sulphate 
as an extender. In the early 1930s long-chain alkyl aryl sulphonates with benzene as the 
aromatic nucleus and the alkyl portion made from a kerosene fraction appeared in the US 
market. These products were earlier available to the industries as sodium salts. Proteolytic 
enzymes had been tried as additives to washing powders in Germany in the 1920s with 
only moderate success and again in Switzerland in the 1930s. A little later the enzymes of 
organic origin appeared in the market. Heavy-duty detergent formulations were 
introduced from 1947 onwards. Initially these organic products were tetra sodium 
pyrophosphate and later these formulations had sodium tripolyphosphate. With the advent 
of CMC (carboxy methyl cellulose) and tri-polyphosphate builders the detergent industry 
was on the rise until 1970. Later, a combination of restrictions on the use of phosphates 
and international shortages of raw materials reduced the detergent production (Campbell, 
kiwi web, www.google.com). 
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Role of Some Other Nutrients 
Nitrogen may limit phytoplankton production in temperate eutrophic waters, 
especially when phosphate concentrations are high (when N: P ratios are low). The 
variations in the chemical composition of natural waters believed to be an important 
factor in regulating the abundance, composition, geographical and periodic distribution of 
phytoplankton. In phosphate deficient water bodies or those having reasonably good 
growth of blue-green algae (which fix enough of the atmospheric nitrogen), the 
phosphates become limiting as some of it is used to counterbalance the high nitrate 
content (Reynolds, 1984). Inorganic and organic nitrogen fluxes in the Ria Vigo (NW 
Iberian Peninsula) have been quantified in order to recognize the contrasting nitrogen 
budget scenarios and understand the biogeochemical response to eutrophication events 
(Prego et al., 2002). Berg et al. (1997) suggested that nitrogen retention in Norwegian 
lakes seems to be phosphorus limited, i.e. high nitrogen retention is not to be expected 
unless N:P ratio is close to the proportional needs for the aquatic plants. 
A large scale increase in the nutrients input in the water bodies induce faster plant 
growth, imbalanced trophic structure and reduced the dissolved oxygen concentrations 
(Moss, 1988, Campus-Ortega, 1998). Majority of lakes and fi-eshwater bodies' world over 
are loaded excessively vsith a number of plant nutrients. Aquatic ecosystems respond 
variably to nutrient enrichment and altered nutrient ratios, along a continuum fi-om fresh 
water through estuarine, coastal and marine systems. Although phosphorus is mainly 
considered as the limiting nutrient for phytoplankton production in fresh water systems, 
the effect of atmospheric nitrogen and its contribution to acidification of fi-esh waters can 
also be detrimental. Among nitrogen, phosphorus and silicon the nitrogen is generally 
considered as the primary limiting nutrient for phytoplankton biomass accumulation 
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(Rabalais et al., 2002). The seasonal P and N accumulation and release by two 
macrophytes stands namely mart weed {Polygonum amphibium) and marsh cudweed 
{Gnaphalium uliginosum) growing in Spremberg eutrophic reservoir were investigated by 
Kleeberg and Majana (2004). The rate of release of phosphorus was faster than the rate of 
accumulation and nitrogen accumulation rate was higher than the release rate (Kleeberg 
and Majana, 2004). 
The nutrient input into a more stable ecosystem caused eutrophication. It induced 
changes in the ecosystem functioning and increased primary production in Pagastikos 
Gulf in Greece (Triantafyllou et al., 2001). Nitrates can enter natural waters from several 
sources. City sewage and agro-ecosystems in India are the two major sources of nitrates 
(Sharma, 1998). A considerable bulk (about one-half) of the human and animal wastes are 
nitrates. Fertilizer, which runs off croplands or suburban lawns (in some countries) during 
a rainstorm, contains large amoimts of nitrates (Penelope and Charles, 1992). Danish 
coastal waters were found heavily eutrophic with high particulate concentrations and 
turbid waters. The chlorophyll concentration was strongly linked to the totaJ-nitrogen 
concentration. During summer, the total nitrogen concentrations accounted for about 60% 
of the variability in chlorophyll concentrations among the different coastal systems 
(Nielsen et al., 2002). 
In lentic and lotic water bodies, there is an intimate relationship of nitrogen and 
phosphorus cycling and sunlight. The water body having phosphate to nitrate ratio as 
1:15, all phosphates but about half of the nitrate is used up by the aquatic plants. The 
phosphate in such water body becomes limiting and nitrate accumulates in abundance. 
However, the water bodies with nitrate: phosphate enrichment level at the ratio of 4:15, 
used up its entire nitrate and the nitrate became limiting. The acceptable level of total 
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inorganic phosphate in water is 0.03 to 0.04 mg 1"'. In most of the lakes and rivers where 
eutrophication is encountered, the principal causes of excessive enrichment of water are 
phosphates and nitrates. In and around cities and industries, phosphate content has 
increased 20-25 folds during the last 10-15 years (Muller and Helsel, 1999). 
Nitrogen and phosphorus, the most frequently discussed of all nutrients, enter the 
lakes from many sources. The three m^or nutrients in fertilizer required for the crop 
growth are nitrogen, phosphorus and potassium. These nutrients when unloaded into 
water bodies promote phytoplankton (microscopic plants or al^e) growth. This is 
important since phytoplankton represents the base of the food chain in lakes. The 
zooplankton feed upon phytoplankton and small frshes upon zooplankton. The smaller 
fishes are consumed by large carnivorous fishes. The growth of phytoplankton or the 
jMimary productivity is the first step in the food chain of a l^e. The extent of algae 
produced, indicate to a certain degree the productive capacity of a lake. However, there 
are limits beyond which algal growth becomes detrimental to other aquatic life (Reutter et 
al., 1989). In freshwater lakes and rivers, phosphorus is often the growth limiting nutrient, 
because it occurs in the least amount relative to the needs of plants. In estuaries and 
coastal waters, nitrogen is generally the growth limiting nutrient (Murphy, 
www. google, com). 
Kant and Raina (1990) compared the phytoplankton population of the two ponds 
of Jammu and Kashmir region. The increase in population of phytoplankton was related 
with the amount of magnesium available. The concentration of Mg consistently reduced 
and became untraceable with the increase in the standing crop of phytoplankton because 
of its utilization in chlorophyll formation. The depletion of Mg (due to its binding into 
chlorophyll molecule) acts as limiting factor for tiie growth of phytoplanktoiL The 
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calcium in these ponds was found inversely related with the population sizes and 
fluctuations in the water temperature (Kant and Raina, 1990). The additions of nutrients 
to the lake were largely bound to the inedible component of the phytoplankton. This 
ecosystem component mainly consisting of the blue-green algae (Cyanophyta) are 
avoided by planktivorous fish and zooplanktons for their toxicity and taste (Campbell, 
web Kiwi, www.google.com). Shen-Dong Sheng and Shen (2002) found the algal growth 
directly related with the concentration of P and N in water. The number of algae increased 
when total P in the water was 0.1-0.75 mg l'. The specific growth of algae was highest 
when the concentration of total P<0.5 mg 1"^  and total N<1.0 mg l'\ The effect of P was 
greater than N. Physico-chemical characteristics and water pollution have been studied on 
Lake Banjara in India for a period of two years. In this lake chlorides, calcium and 
magnesium were within stipulated range where as the total solids and the total hardness of 
water exceeded the limits of ISI and WHO indicating the impact of sewage and domestic 
waste (Swaranlatha and Rao, 1998). 
Impact of Organic Matter 
Some food processing industries (meat, vegetables, cheese processing) contribute 
significantly to the phosphorus unloading into the fi^esh water bodies leading to 
eutrophication (Vuillemin, 2001). The organic inputs of (carbohydrates, proteins and 
lipids) fi-om food industry increase BOD level due to degradation of lipids and 
carbohydrates by microorganisms in fresh water bodies (Jones, 2001). In west Bengal, 
India high nutrient contents was found in a water body receiving washing fi"om a rice mill 
(Chattopadhyay and Kushari, 2003). Deteriorated water quality below ISI, WHO and 
USPHS standard of the river Cauvery owing to the discharge of sewage has been recently 
observed (Lalitha et al., 2003). The unprocessed effluents of leather tanneries contribute a 
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significant amount of tannin to River Ganges at Kanpur in India. 
Role of Environmeotal Factors 
The environments inhabited by plankton are heterogenous. Temporal changes in 
mean temperature, irradiance and nutrient availability are among the more envious 
variables (Reynolds, 1984). The population of cyanophytes dominated the phytoplankton 
community on phosphorus increase. On increase in phosphorus one can predict the 
relative dominance of cyanophytes from the balance between nitrogen and phosphorus 
(Welch and Crooke, 1987). The range of factors that can influence eutrophication 
dynamics may be fully investigated when long term data with respect to time series are 
available (Lau and Lane, 2002a, b). The quality of water in an aquatic environment 
depends on the physical, chemical and biological factors (Jayasree, 2002). The physical 
processes have major implications for confroUing eutrophication in aquatic bodies 
(Vincent et al., 1991; Lind et al., 1993; Ford, 1990). The algal bloom caused by 
phosphorus inputs also modifies several abiotic factors of the water body. These factors 
directly govem the growth, diversity and density of the biotic compoi^nts. Iin|}act of 
algal bloom on any one or some of these factors indirectly influence the structure and 
characteristics of the water bodies. Influence of nutrient inputs on some of these factors 
are given below. 
a) Carbon dioxide level 
The cyanophytes are more efficient in utilizing low levels of carbon dioxide and 
become more buoyant at low levels of CO2 and high water pH. It keeps them in the upper 
layers of the water column with abundant sunlight. In addition, some species produce 
(tense mats of vegetation and inhibit the growth of other phytoplankton as well as limit 
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the swimming of zooplankton. These factors together mean that a slow-moving 
freshwater ecosystem can be rapidly dominated by blue-green algae, displacing not only 
members of the phytoplankton, but some of the animal community as well. The reduction 
in the light reaching the lake floor inhibits the growth of submerged and rooted 
macrophytes. The sediments become anoxic as large amounts of planktonic biomass are 
added to them (Kant and Raina, 1990). 
The fluctuations in free CO2 values correspond directly with the fluctuation in the 
standing crop of phytoplankton. As the diversity and density of phytoplanktons increase 
through various months, the amount of free CO2 for the photosynthetic activity becomes 
limiting. The pH changes in these ponds are governed by the amount of free CO2, CO3 
and HCO3 (Kant and Raina, 1990) Inflow nutrient concentration, inflow volume and 
inflow water temperature show very regular and reasonable impacts on lake water quality 
(Imteaz et al., 2003). Yin-KeDong and Yin, (2002) reported that the monsoons served as 
a flushing mechanism in two ways, it reduced seasonal eutrophication effect by nutrient 
enrichment during summer, and prevented long term (armual) accumulation of organic 
matter in the sediments due to nutrient enrichment in the region. Due to the monsoon 
influenced processes and low phosphorus in the Pearl River estuary, the estuary and 
adjacent coastal waters of Hong Kong appeared to be more resilient to enrichment of N. 
b) Temperature 
Temperature always influences fertility. If a lake is cold, a high nutrient loading 
may fail to make it eutrophic. A relatively high influx of nutrients from the watershed is 
locked into the toxic mud under an oxygen-rich hypolimnion. A large volume of water 
implies a large oxygen reserve. Thus a very deep lake can retain oxygen in the 
hypolinmion all summer, even though the surface waters are fertile, and deep lakes can 
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retain the essential properties of oligotrophic lakes despite significant nutrient loading 
from the watershed (Colinvaux, 1993). Mayer et al. (1997) studied seasonal succession 
and trophic relations between phytoplankton, zooplankton, ciliates and bacteria in a 
hypereutrophic shallow lake of Vienna, Austria. There was disappearance of macrophytes 
during summer which enlarged the nutrient supply and favoured the development of 
cyanobacteria. The high water temperature excluded zooplankton species further 
increased the dominance of cyanobacteria. 
In Mansarovar Lake in India, maximum phytoplankton density was observed 
during winter with minimum temperatixre, conductivity, pH and chloride contents of the 
lake water (Kulshrestha et al., 1989). The effect of temperature on algal growth was more 
obvious than the other factors. The most favorable temperature for algal growth was 30° 
C (Shen-Dong Sheng and Shen, 2002). The discharge of sewage and drainage water has 
resulted in the change in temperature, pH and metal concentration of a monsoon fed fresh 
water pond in Coimbatore in India (Francis et al, 1997). 
c) Hydrogen ion concentration (pH) 
The pH is an important environmental factor. It is a plant growth limiting factor. 
The change in pH is directly related with the availability and absorption of nutrients from 
solution. Ionization of electrolytes or the valence numbers of different ion species are 
influenced by changes in pH. The absorption of phosphate is accelerated at an acidic pH 
(Devlin and Witham, 1986). The acidic pH has been reported to promote growth of 
Spirodela polyrrhiza at a faster rate. The pH 6.0 was found most suitable. But the growth 
retardation in Spirodela polyrrhiza was noted below the pH 6.0 and/or above 9.0. The low 
pH also affected the chlorophyll b formation (Aziz and Mobina, 1999). 
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d) Light 
The light plays an important role in the growth, diversity and density of the 
aquatic flora. The algal growth has been reported to increase with the light intensity and 
the luminescence of 4000 lux was found most favorable (Shen-Dong Sheng and Shen, 
2002). As eutrophication progresses, a decline of submerged macrophytes occur in many 
shallow lakes probably due to low light intensity caused by algal blooming. It is 
suggested that the adaptation strategy of Potamogeton maackianus imder a certain range 
of low light stress is to accelerate the elongation of the main and lateral shoots and to 
increase their density (Ni-LeYi et al, 1998). 
The light has been ahnost completely absorbed by the plankton of the top few 
meters so that too little light penetrates to the thermo cline and beyond to support 
photosynthesis. But there is a rain of corpses into the deep water, whose decomposition 
requires oxygen. Since the deep water is cut off from the air imtil fall overturn, there 
develops an oxygen deficit in the deep water, and the bottom mud is reduced. 
Eutrophication in an estuary is a complex process, and climate change is likely to affect 
each estuary differently due to interactions with nutrient loading and physical circulation. 
Hence, it is essential to consider the effects of climate change in the context of individual 
estuarine functioning to successfully manage the eutrophication (Howarth et al., 2000). 
e) Dissolved oxygen 
The minima and maxima in the concentration of dissolved oxygen (EX)) are found 
directly related with the maxima and minima of the phytoplankton. Slight variation in 
relationship of DO and phytoplankton in winter season is attributable to the lowering of 
water temperature. Which intern increases the capacities of water to hold more DO 
feasibly due to the decreased photosynthetic activity of the phytoplankton brought about 
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by the temperature beyond optimum. Which otherwise act as limiting factor for 
photosynthetic activity (Kant and Raina, 1990). The direct relationship between 
phytoplankton and DO content was earlier observed by a number of workers (Lande, 
1973;Misraetal., 1975; Saad, 1973; Schindler, 1971). 
Eutrophication Vs Plant Diversity 
Any change in the natural quality of water is best reflected in the change in natural 
flora and fauna of the aquatic ecosystem (Kulshrestha et al., 1989). The distribution of 
phytoplankton communities was found directly related with the environmental conditions 
(Mishra et al, 1992). The eutrophication reduced the abundance of rare species but 
increased the meso to hyper-eutrophic species abundance particularly Fragilaria 
berolinensis in the broad eutrophic area of De Nieuwkoopse Plassen in the Netherlands 
(Van Dam and Mertens, 1993). In a shallow lake under eutrophic succession, the 
population of Chara spp. was positively and Potamogeton pectinatus was slightly 
negatively related with Secchi depth (Van-Den Burg et al., 1999). Lake Geneva 
underwent rapid eutrophication until 1980 followed by a reversal process (still in 
progress). However, Potamogeton pectinatus, P. perfoliatus, P. lucens and Elodea 
canadensis showed no significant change in their distribution, with the 2 former species 
dominant throughout. Trecy et al. (2003) reported that aquatic macrophyte diversity and 
community have a strong relationship to variations in nitrogen (nitrate and ammonia). 
The impact of eutrophication on aquatic macrophytes diversity in weakly 
mineralized streams in the Northern Vosgas Moimtains (NE France) was studied by 
Thiebaut and Muller (1998). The macrophyte specific richness and abundance increased 
along an upstream to downstream zonation, which was characterized by an increase in 
mineralization and nutrient level. A comparison of aquatic macrophyte diversity of two 
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streams reflected the impact of human-induced perturbations (fish-farms, domestic 
sewage) in such weakly mineralized and poorly buffered waters. Disturbed sites with very 
high nutrient loading were characterized by low vascular plant richness and by the 
presence of filamentous algae (Thiebaut and Muller, 1998). Vadineanu et al. ( 1992) 
studied the phytoplankton and submerged macrophytes in the aquatic ecosystems of the 
Danube Delta and observed that the species changes were found linked to accelerated 
eutrophication of the lakes, with increased phosphorus loading and a reduction in N:P 
ratio. Vaithiyanathan and Richardson (1999) observed distinct changes in the macrophyte 
species composition in response to P enrichment. Marshes in the unenriched and enriched 
areas were dominated by Cladiumjamaicense and Typha domingensis, respectively. Op«i 
oligotrophic water areas were characterized by Eleocharis sp., Utricularia sp., Chara 
zeylanica and Nymphaea odorata and the eutrophic areas by floating plants and a rooted 
submerged species of Polygoman. 
A shift in primary producers from eelgrass to macro algae in response to increased 
nutrient loading altered tiie habitat, physico-chemical structure and food webs. The 
nitro^n decreased shoot density and biomass of the eelgrass and promoted a record 
increase in the algal biomass as reported by Deegan et al. (2002). Rogers (2003) studied 
Moa Point Bay, New Zealand and observed significant effects of the sewage discharge on 
flora and fauna. The immediate area surrounding the discharge point was found to contain 
limited biodiversity, wiih an abundance of UJva lactuca, seaweed like bright green lettuce 
a typical inhabitant of areas with high nutrient input. Enhanced nutrient concentrations 
and loading has been observed in several coastal areas of the North Sea enhancing the 
productivity and changing the composition of phytoplanktons (Colijn et al, 2002). 
Garg et al. (2002) studied three lakes of Bhopai (Upper Lake, Lower Lake, and 
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Mansarovar Lake) in India and assessed the potential fertility of lentic waters and its 
aquatic flora. Eutrophication was highest in the lake Mansarovar. The observations of 
Garg et al. (2002) indicated that different species of phytoplankton could subsist up to a 
certain nutrient level beyond which competition between cyanophytes and other algae 
enhanced and eliminated the sensitive plankton flora. 
Eutrophication Vs Wetland Plants 
Wetlands are ecologically complex hydrological and biogeochemical systems 
endowed with specific structural and functional characters. A number of wetlands in India 
have been studied with emphasis on the macrophyte communities (Kaul, 1970, Kaul et 
al., 1978, Trisal and Kaul 1983, Adoni and Yadav 1985). Much of the information has 
been compiled on wetlands ecology by Gopal et al. (1982). The macrophyte plays an 
important role in energy flow and organic matter input during recycling of nutrients in 
water bodies (Mickel and Wetzel, 1978). 
The experiments by Smolders et al. (1995) revealed that internal eutrophication 
processes causing excessive plant growth without any nutrient input play important role 
in the wetlands. Purple loosestrife {Lythrum salicaha) rapidly displaced the native 
vegetation in North American wetlands. The conversion of wetland vegetation from 
cattails (Typha spp.) to loosestrife is expected to cause significant changes in wetland 
function by altering the timing of litter input and dovwistream phosphorus loads. The 
conversion of a riverine, flow through wetland fi-om Typha to loosestrife may effectively 
accelerate eutrophication of downstream water bodies (Emery and Perry, 1996). 
Eutrophication V$ Succession Pathways 
The succession is the process by which a water body becomes a marsh then a bog 
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and finally a drier terrestrial body. The human activities around the aquatic bodies 
enhanced the nutrients input rate and accelerated the natural aging process i.e. 
eutrophication. This aging process brings down the water body under faster cycle of 
succession (Reutter, 1989). In the Netheriands, the abundance of many aquatic 
macrophytes has shown a steep decline and the eutrophic habitats are now characterized 
by floating species like Lemna species, Spirodela polyrrhiza and Azolla filiculoides. 
Weimin et al. (1997) found the lake Taihu in meso-eutrophication stage. The dominant 
phytoplankton species noted were Microcystis, Anabaena, Melosira, Cyclotella and 
Cryptomonas. In summer Microsystis spp. bloomed and occupied 85% of algal biomass. 
Most of the habitats of Lake Joroslawieckie were found eutrophic. The algal succession 
corresponded to trophic conditions of the lake (Pelechaty et al., 1997). 
Bermdorf and Henning (1989) found that the seasonal increase in the toxicity of 
Microcytis aerugicosa in a reservoir was due to the selective consumption of non-toxic 
strains by Daphnia. The toxic varieties inhibited the invertebrate's filtering rate and so 
were avoided leaving patches of the strain which could go on to dominate the ecosystem. 
Thus in a cyanophyte-dominated community, with eutrophic and calm waters, the grazing 
activity of the Daphnia may actually promote the growth of a toxic phytoplankton as the 
season progresses. Moss et al. (1991) found that, in the absence offish predation larger 
Daphnia species could flourish only where cyanophytes were absents. In the presence of 
the filamentous Oscillatoria, only smaller species of zooplankton would be found. These 
alterations in the community structures modified the environment of water body and in 
turn pave way for the development of another community of higher trophic level. 
Bioindicators of Eutrophication 
Bioindicators acts as a measure of prevailing envirormiental conditions. The 
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bioindicators or often referred to as ecological indicators provide information on the 
ecosystem condition. The bioindicators may be used to observe the functioning and/or 
cause-effect relationships within an ecosystem. The biological indicator of eutrophication 
may be a single species or an assemblage of several species. The diversity and 
distribution of species in an ecosystem depends upon the ecological amplitude of species 
and existing environment of the ecosystem. Some of the biological parameters are given 
below. 
a) Structural diversity 
The indicators for eutrophication in river and lake differ. For the river ecosystem 
the bioindicators describe the diversity and occurrence of life cycles along the 
longitudinal and lateral dimension. For the lake ecosystem two bioindicators are selected 
that are characteristic for the switch between the two equilibrium states. (1) the area and 
biomass of macrophytes indicating that turbidity has reduced to the extent that 
macrophytes can grow and (2) the ratio between (H-ey fish and predatory fish, which has 
to be 1:1 to 2:1 to guarantee a long-term stable clear lake (Lorenz et al., 2003). The 
phytoplankton, aquatic vegetation and fishes play important roles as indicators of 
eutrophication (Sekulic et al., 1998). Some biotic components given below have been 
used as biological indicator of eutrophication. 
i) Algae 
Aquatic vascular plants are good indicators of water quality (Shimoda, 1984). The 
algae are commonly used for biological assessment of water quality and indicators of 
eutrophication (Patrick, 1950; Garg et al., 2003). The fast growing eprfiemeral algae are 
increasingly observed in shallow coastal waters worldwide. This is generally considered 
as symptom of coastal eutrophication (Sundback et al., 2003). Eutrophication causes 
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predictable increases in the biomass of algae in lakes and reservoirs, streams and rivers, 
wetlands and coastal marine ecosystems (Smith, 2003). Rogers (2003) studied Moa Point 
Bay, New Zealand and observed significant effects of the sewage discharge on flora and 
fauna. The area surrounding the discharge site contained limited biodiversity, with 
abundant Ulva lactuca, seaweed like bright green lettuce. This seaweed is a typical 
inhabitant of the areas with high nutrient input. Growth and continuous blooms of 
Microcystis and also the existence of Stigeoclonium indicate organic pollution in Banjara 
Lake in India (Swaranlatha and Rao, 1998). Bioassessment by the use of the macroalga 
{Ulva lactuca) was carried out (in the Lim^ord, Denmark) to assess the significance of 
nitrogen and phosphorus as limiting factors for the primary productivity and detection of 
changes in eutrophication levels (Lyngby et al., 1999). 
ii) Macrophytes 
Changes in water quality of Lake Geneva in Switzerland underwent rapid 
eutrophication indicated by submerged macrophytes (Lehmann and Lachavanne, 1999). 
Schnitzler et al. (1996) studied response of aquatic macrophyte communities to the levels 
of P and N in an old swamp of the upper Rhine plain in Eastern France and worked out 
the utility of some aquatic macrophytes as bioindicators of eutrophication. Vallisnaria 
americana is reported to be the efficient biomonitor of organic contamination and 
stressed aquatic ecosystems (Lovett-Doust et al, 1994; Biemacki et al., 1996; Potter and 
Lovett-Doust, 2001). Seagrasses are the ecologically important species for the assessment 
and management of environmental impacts on marine ecosystems (Walker et al., 2001, 
2004). The productivity, biomass, nutrient dynamics and their biogegraphic responses 
vary with the varying environmental conditions (Walker and McComb, 1988; Walker and 
Cambridge, 1995; Connell and Walker, 2001) specifically the water quality (Walker, 
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1985). Some significant bioindicators of eutrophication studied and listed by Stojanovic 
et al. (1998) includes Wolffia arrhiza, Lemna gibba, Lemna minor, Lemna trisulca, 
Spirodela polyrrhiza, Ceratophylum demersum, Elodea canadensis, Vallisnaria spiralis, 
Stratiotes aloides, Nupher lutea, Bolboschoemts maritimus, Typha angustifolia, Typha 
latifolia and Phragmites communis. These species were reported to be the best indicators 
of eutrophication caused by organic effluents and nutrients (Stojanovic et al, 1998). The 
duckweeds are capable of accumulating hi^er levels of nitrogen content (5-7%) and 
indicate the concentration of nitrogen in water (Hillman and Cully Jr., 1978). The growth 
of Spirodela polyrrhiza was found directly related with the nutrient concentration of 
water (Ansari and Khan, 2002). 
iii) Diatoms 
The epiphytic diatom assemblage indicates eutrophication by nitrogen and 
phosphorus concentrations (Denys, 2003; Winter and Duthie, 2000). The changes in 
geochemistry and diatom assemblages are probably linked to increase in nutrient supply 
(fi-om sewage and diffuse agricultural sources) and hence to increase in fdmary 
production (Gibson et al., 2003). The phosphorus could be considered as the driver of 
increased diatom production (Foy et al., 2003). Epilithic diatom assemblages were used to 
evaluate water quality in the Karasu River basin (Turkey), which was polluted by 
industrial, agricultural and urban wastes (Gurbuz and Kivrak, 2002). Generally diatoms 
are recognized as indicators in temperate streams. Juttner et al. (2003) reported diatoms 
indicate stream quality in tropics and subtropics in the Kathmandu Valley and Middle 
Hills of Nepal and India. The diatom population and water analysis revealed that the river 
Stour was eutrophic. The biological analysis of samples of down streams and upstreams 
from the point of a sewage treatment plant showed that there was little difference in the 
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diatom population. However, chemical analysis showed that the nitrogen acted as limiting 
factor for some part of the year (Kelly and Wilson, 2004). 
iv) Plant pigments 
Wei et al. (2000) found that chlorophyll a was suitable as one of the biological 
indicator to show the trend of eutrophication of Lake Kasumigaura. However, it will be 
limited as the diversity index is employed only to test the biotic response to the change of 
water enviroimient. Phytoplankton photopigments also reported as indicators of estuarine 
and coastal eutrophication. The photopigment indicators can be routinely incorporated in 
water quality monitoring progranmies to assess enviroimiental controls on ecosystem 
structure and function over varying spatial and temporal scales (Paerl et al., 2003). Rast et 
al. (1983) observed a direct relationship between the chlorophyll content of 
phytoplankton and the concentration of phosphorus in water bodies. The chlorophyll, 
however, may not be a consistent parameter of eutrophication as the response differs with 
change in trophic structure. 
Kufel (2001) also suggested that the chlorophyll in eutrophic lakes correlated well 
with nitrogen and phosphorus. However, chlorophyll-nutrient relationships varied with 
the trophic status of the lake. Chlorophyll a was found to be a function of orthophosphate 
concentration level in shallow eutrophic Chinese Lake Donghu (Zhou et al., 2004). The 
growth of Elodea Canadensis and Elodea nuttaln was found to be strongly related with 
phosphorus uptake (Eugelink, 1998). Significant seasonal variation in the chlorophyll a of 
the planktons in the northern coast of Karawang- West Java, Indonesia has been reported 
besides variations in physical and chemical characteristics. These variations have been 
attributed to the eutrophication resulting from nutrient enrichment of costal water 
suspected to be caused by organic wastes from agricultural and aqua cultural practices 
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(Sachoemar and Yanagi, 1999). 
b) Ecosystem functioning 
The primary productivity has been used as a biological parameter to monitor the 
overall response of vegetation to a prevailing environment in terrestrial ecosystem (Khan, 
1985). The changes in the rate of primary production as an indication of trophic status of 
aquatic ecosystems have been one of the major indicators of their health (Rana and 
Kumar, 1992; Herrera-Silveira et al., 2002). Berguland et al. (2001) found a direct 
relationship between the trophic level of water body and the lipid contents of 
phytoplanktons. Phytotreatment ponds system causes reduction in dissolved and 
particulate nitrogen and phosphorus to an extent. The growth of huge quantities of 
macroalgae in these ponds, remove nitrogen (N) and Phosphorus (P) from the effluent 
(Porrello et al, 2003a, b). Bonsdorff et al. (2002) suggested several parameters viz. 
transparency, oxygen/hypoxia, nutrients, primary production, chlorophyll a, algal mats, 
macroalgae, zoobenthos and fish to quantify eutrophication. 
Control Measures 
Phosphorus is a major nutrient in controlling the growth of algae. Phosphorus in 
Lake Erie is often the 'limiting factor'. The growth of algae can be controlled by reducing 
input of any one of the essential nutrients. Phosphorus is the nutrient over which one has 
the greatest control (Reutter, 1989). In freshwater lakes and rivers phosphorus is a 
growth-limiting nutrient, because it occurs in far lesser amount than the quantity required 
for optimum plant growth. If excessive amounts of phosphorus and nitrogen are added to 
the water, algae and other aquatic plants can be produced in large quantities. The removal 
of bloomed algae in which phosphorus is bound and removal of sediments before anoxic 
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state of bottom may be helpful in remediation of eutrophic ecosystems. Phosphorus 
removal from waste water can be achieved either through advanced biological removal, 
chemical removal or a combination of both (Yeoman et al., 1988). 
a) Biological control 
The partial recovery from an algal to a macrophyte-dominated state in a eutrophic 
fresh water system requires managed phosphorus limitation and unmanaged macrophyte 
growth (Perkins and Underwood, 2002). Aquatic macrophytes like Eicchornia crassipes 
and Salvinia auriculata cause significant reduction of nitrogen and phosphorus 
compounds in the water. This information was felt helpful in developing adequate 
management strategies for aquatic macrophytes to check the eutrophication process in 
Imboassica lagoon (Petrucio and Esteves, 2000). Some aquatic weeds such as Typha, 
Phragmites and Glyceria spp. in ditches were expected to be useful in removing nutrients 
from eutrophic water body (Beltman et al., 1990). Wychera et al. (1990) studied 
macrophytes of the River New Danube flowing through Vienna and suggested that the 
constant harvesting of macrophytes would be necessary to manage the process of 
eutrophication if a power plant is founded on its bank. Potential removal of particulate 
matter and nitrogen through roots of water hyacinth is also reported by Billore et al. 
(1998) and removal of water hyacinth {Eicchornia crassipes) may prove to be beneficial 
in controlling the eutrophication. Alternatively the water hyacinth may be used in the 
formation of compost. There are some aquatic macrophytes capable of purifying the 
eutrophic lake water. The water peanut, Alternanthera philoxeroides improve the 
transparency of eutrophic lake water (Wang et al., 1999a). 
The Hydrodictyon reticulatum was reported to actively remove 67.3% nitrogen 
and phosphorus in 6 days under different environmental conditions (Liu et al., 2004; 
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Wang et al., 1999b). The dissolved phosphorus can be removed in irrigation drainage 
water by planted floats. The floats are designed to implement horizontally spreading 
water plants to the surface of irrigation drains, fields or treatment ponds in order to 
eliminate dissolved P and to allow harvest of the standing crop and therefore removal of 
the accumulated P. The results indicated that the float technology could utilize creeping-
stem water plants in order to remove soluble reactive P from the water column (Wen and 
Recknagel, 2002). The macrophyte harvesting just after their blooms is an effective 
measure to manage the eutrophication (Wychera et al., 1990). According to Dobson and 
Frid (1998), the maintenance of either a macrophyte or a phytoplankton system is affected 
by secondary consumers whose activities will serve to buffer the aquatic system. The 
seaweeds can remove up to 90% of the nutrient discharge from an intensive fish farm. 
Mass culture of commercially valuable seaweed species is likely to play an increasingly 
important role as a nutrient-removal system to alleviate eutrophication problems due to 
fed aquaculture (Luning et al., 2002). 
The potential of three estuarine macroalgae (Ulva rotundata, Enteromorpha 
intestinelis and Gracilaria gracilis) as biofilters for phosphate in effluents of a sea bass 
{Dicentrarchus labrax) cultivation tank was reported by Martinez-Aragon et al. (2002). 
Abe et al. (2002) collected the aerial macroalga Trentipholia aurea from Japan and was 
investigated in relation to removal characteristics of nitrate, nitrite, ammonium and 
phosphate ions. The biomass was recorded 1.5 times higher in medium with sufficient N 
and P source than in ordinary medium. In the experiment about 37% of nitrite and 32% 
nitrate removal was observed. Thus the Trentipholia aurea has the potential for use in the 
purification of waste water. 
There are some phytoplanktivorous fishes which may be utilized for weed 
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management and counteracting eutrophication (Opuszynski and Shireman, 1995). 
Processing of nutrients in shallow habitats removes P from water naturally and periphyton 
influences P removal from the water column in flowing waters and wetland. Periphyton 
plays several roles in removing P from the water column, including P uptake and 
deposition, filtering particulate P from the water, and attenuating flow, which decreases 
advective transport of particulate and dissolved P from sediments (Dodds, 2003). The 
lake managers have opted to increase macrophyte abundance to improve water quality 
and transparency and thus to restore eutrophic water to oligotrophic stage (Lau and Lane, 
2002a, b). In fresh water bodies the phytoremediation has been suggested to be effective 
in reducing the toxicity of waters caused by microorganisms releasing ammonia and 
Sulphide during degradation of protein released from food industries (Jones, 2001). 
Changing the composition of the biotic community to reduce eutrophication in the 
water bodies has been termed as biomanipulation. The biomanipulation has been used 
with partial success to control blue green algal blooms in eutrophic water (Moss et al., 
1986; Moss, 1989; Van Dan and Gulati, 1991). 
b) Role of micro-organisms 
Several micro-organisms are reported to be efficient scavengers of phosphates 
from sewage sludge. Eight strains of a bacterium {Acinetobacter calcoaceticus) were 
found to remove substantial amounts of phosphates from an acetate medium based pilot 
plant (Lawson and Tonhazy, 1980). Two varieties of ^ . calcoaceticus (var. Iwoffi and var. 
amtratus) were found to be efficient phosphate removing bacteria in acetate enriched 
pilot plants (Florentz and Hartemann, 1984). 
c) Mechanical control 
In India about 50% of the phosphates present in the sewage come from the 
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detergents used in the household (Rao, 1998). In the US 20%-30% of phosphate in the 
sewage is contributed by detergents (Penelope and Charles, 1992). Increased capacity and 
improved sewage treatment is, the most effective way to reduce the phosphorus load. In 
the great Lakes states of America and Canada a phosphorus effluent target limitation to 
about 0.0 Img 1" has been established for municipal sewage treatment plants. These plants 
discharge more than one million gallons of sewage water per day. This target has been 
achieved by most of the municipal wastewater treatment systems in Canada and USA. 
Ohio treatment plants in USA had been discharging an average effluent concentration of 
7mg r'. The phosphate in these plants is precipitated out of sewage before the release of 
treated water into lakes or rivers. Through precipitation method about 80%-90% or even 
more of the phosphate was being removed from sewage without much increase in the cost 
(Bitton, 1999). Beside the waste water technical measures and the retention of phosphorus 
detergents there must be a decrease in agricultural pollution by direct inputs of nutrients, 
surface run-off and soil erosion control (Hamm et al., 1993; 0"-Sullivan, 1992). 
The average concentration of total phosphorus (inorganic and organic forms) in 
wastewater is within the range of 10-20 mg 1"', much of which comes from phosphate 
builders in detergents. Common forms of phosphorus in wastewater are orthophosphate 
(P04 '^). It constitutes 50%-70% of the total phosphorus. Phosphates and phosphorus tied 
to organic compounds are the other forms. Orthophosphate comprises approximately 90% 
of phosphorus in biologically treated effluents (Meganck and Faup, 1988). Since 
phosphorus is mainly responsible for eutrophication of surface waters, it must be removed 
by wastewater treatment processes before discharge of the effluents into surface waters. 
Several biological and chemical mechanisms are responsible for phosphorus removal in 
wastewater treatment plants (Ratana, 1994; Arvin and Kristensen, 1983; Arvin, 1985). 
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Some of these processes are (1) Chemical precipitation, (2) Phosphorus assimilation by 
micro organisms, (3) Polyphosphate accimiulation by micro organisms and (4) Micro 
organism-mediated enhanced chemical precipitation. Sucrose tricarboxylic acid is 
obtained by reacting aqueous 5-20% sucrose with oxygen in the presence of a P activated 
carbon catalyst at atmospheric pressure, pH 5-9 and high temperature. The product is 
converted to the Na salt by batch neutralization with 30% NaOH on gradual heating from 
room temperature to 60-95 (70-80) °C over several hours. The pH during processing is 
maintained at 8 and adjusted to 9 at the end of the reaction. The product has superior 
detergent properties with no tendency to cause eutrophication of waterways (Leupold et 
al., 1990). The eutrophication process may also be controlled temporarily by direct 
killing of aquatic plants. CUSO4 and sodium arsenate are used for killing algae and rooted 
plants respectively (Khitoliya, 2004). 
Eutrophication and persistent pollutants were believed to be the two main 
environmental problems in European marine and fresh water ecosystems as they tend to 
interact with each other (Skei et al., 2000). Infact, the co-occurrence of the water 
pollutants and eutrophication is the major problem of all developed and developing 
countries. Phosphorus loading to Lake Erie has been reduced through the wastewater 
treatment plants and by limitation on the content of phosphorus in laundry detergents. 
Phosphorus loadings to Lake Erie are approaching the annual target load of 11,000 tons 
(The target load as stated in the Water Quality Agreements). Continued emphasis on 
phosphorus reduction is needed to restore the water quality and reduce eutrophication 
(Reutter 1989). Eutrophication is a thus limiting factor in supply of clean drinking water 
for drinking, fishing and navigation etc. Biggs (2000) suggested that managing nutrient 
supply not only reduced magnitude of maximum biomass, but also the frequency and 
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duration of benthic algal proliferations in streams. The reduction in Phosphorus loading is 
an essential measure for long-term eutrophication control in aquatic ecosystem (An and 
Kim, 2003). 
The microorganisms especially planktons thrive and proliferate well in polluted 
water but combat the pollution load as well. There is every reason for concern over the 
gradual but alarming increase in the pollution level. Despite, appreciable quantity of 
planktonic cells in polluted water an effective and immediate mechanical remedy is 
always required for a cleaner environment throughout (Sivaswamy and Prasad, 1990). 
The extent of dependence of the growth of aquatic flora upon the phosphorus 
concentration in any eutrophic water body led to the assumption that reduction in nutrient 
loading would result into oligotrophy. However, it later became apparent from the 
complexities encountered in certain enriched freshwater bodies that the problem would 
not be cured so easily. 
d) Legislative Measures 
To control eutrophic conditions in the streams and lakes, a legislation restricting 
the phosphate levels in detergents was proposed and became a law in some states in the 
USA. Phosphate is the nutrient that limits plant growth in water bodies world over and 
detergents are major source of phosphates. The best option is to cut down the use of 
phosphates in detergents (Lee and Jones, 1986). In the United States, all the Great Lakes 
states have legislative controls limiting the phosphorus content of laundry detergents to 
0.5% (by weight). Presently, Canada's limit is 2.2% (Hartig, 1981). Hartig et al. (1990, 
1991 and 1992) proposed various Remedial Action Plans to restore the degraded areas of 
the Great Lakes in Ontario, Canada. The International Joint Commission (IJC) is a 
Canadian and American agency. It has investigative, quasi-judicial and surveillance 
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functions. The commission implemented legislation in Canada to reduce the content of 
phosphorus in laundry detergents (Anonymous, 1980). 
A complete ban on phosphates in detergents would remove about 20-30% of the 
phosphates in sewage. In a nimiber of areas, either a ban on or a reduction in the amount 
of phosphate in detergents has been tried to reverse eutrophication. Detergent phosphorus 
bans in Maryland and Michigan states of America are reported to have significantly 
reduced phosphate loading to the Chespeake Bay and the Detroit River, respectively 
(Sweeney, 1979; Penelope and Charles, 1992). 
Ecological Vision 
Till early 1960s, the surfactant present in synthetic detergents was alkylbenzene 
sulphonate (ABS). The so-called hard detergents of early 60s showed remarkable 
resistance to biodegradation. The surfactant of early 60s was subsequently replaced by a 
new surfactant called linear alkyl sulphonate (LAS). The new surfactant was of 
compatible cost and cleaning potential but not rapidly biodegradable. At present, one of 
the most pressing problems is not the effects of the surfactant itself but the release of 
polyphosphate builders into natinal waters. The extensive use of phosphate-based 
detergents and agricultural fertilizers is one of the main causes of the world-wide 
eutrophication of rivers and lakes. To ameliorate such problems partial or total 
substitution of phosphates in laundry detergents by synthetic, non-phosphorus containing 
complexing agents is practiced in several countries. 
To date a complete replacement has not been found but in the Scandinavian 
countries particularly, formulations of household detergent powders are beginning to 
appear with appreciable portions of the phosphate replaced by NTA (nitrilo triacetic 
acid). It is a better sequestering agent than tripolyphosphate and has none of the other 
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properties exhibited by the phosphate. The use of NTA has, however, been found to be 
harmful for the health (Rao, 1998). Some of the hydroxypolycarboxylic acids not 
containing nitrogen are also being considered. Methods of test were developed and it was 
in fact, proved that linear alkyl benzene is biodegradable. Germany introduced legislation 
prohibiting the discharge of non-biologically degradable material into sewer systems. In 
the USA detergent manufacturers agreed voluntarily to switch over from PT benzene to 
linear alkyl benzene by June 1965. In the United Kingdom a similar type of 'gentleman's 
agreement' was entered into (Campbell, kiwi web, www.google.com). 
MuUer and Helsel (1999) suggested that in order to reduce nutrient loads on lake 
to OECD permissible limits, not only will all sewage inputs need to be prevented, and 
non-phosphate detergents used, but also phosphorus losses from agricultural land must be 
reduced. Some scientists have categorized trophic status according to phosphorus 
concentration. Lakes with phosphorus concentrations below 0.010 mg l ' are indicative of 
mesotrophic lakes, and eutrophic lakes have phosphorus concentrations exceeding 0.020 
mg r ' (Muller and Helsel, 1999). No rational or state criteria have been established for 
concentrations of phosphorus compounds in water. However, to control eutrophication, 
the EPA made the following recommendations: (a) total phosphate (as phosphorus) 
should not exceed 0.05 mg 1"' in a Streamata (b) point, where it enters a lake or reservoir, 
and should not exceed 0.1 mg l ' in streams that do not discharge directly into lakes or 
reservoirs (Muller and Helsel, 1999). 
Phosphate levels greater than 1.0 mg l ' may interfere with coagulation in water 
treatment plants. As a result, organic particles that harbour micro organisms may not be 
completely removed before distribution. Eutrophic growth of aquatic plants seems to 
continue. Removal of detergent phosphates by itself, will not usually accomplish such a 
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large reduction because other inputs such as runoff from agricultural lands are much 
greater sources of phosphates. The countries having their economy based on agriculture 
have to take adequate measures in controlling the use of fertilizers specifically 
phosphorus. The researches and proper advice to the farmers on the optimum requirement 
of the nutrients needs to be emphasized. The urban waste and sewage must be treated to 
reduce phosphorus before the discharge into a water body. 
Inferences drawn from the Review 
It is evident from the present review of literature that eutrophication studies have 
mainly been emphasized on lakes including some well known salt and freshwater lakes of 
United States, Canada, Italy, Netharlands, Dermiark, Greece, Uruguay, Russia, China and 
India. The problem of eutrophication has increased during the past 50 years. The 
population increase coupled with economic development and change in the life style 
during this period has added to the problem. Johanson et al. (2001) speculated that the 
population increase and fast economic development in next 25 years will substantially 
increase the demand of fresh water resources. The availability of freshwater for human 
consumption will be one of the great issues of the 21'* centuary. The eutrophication has 
become a major cause of concern in the developing countries including South American, 
African and South Asian countries. The scientific interest in the eutrophication has 
consistently been significant during the last 25 years. The emphasis in this area of 
research has suddenly risen in recent years. Bronmark and Hannson (2002) predicted that 
eutrophication, acidification and contamination by toxic substances are likely to increase 
as threats to freshwater resources and ecosystems. The population increase and associated 
rise in the demand for water would greatly outweigh climate change in determining the 
51 
status of global water system by 2025 (Malmqvist and Rundle, 2002; Vordsmarty et al., 
2000). 
The problem of eutrophication besides being dependent upon the nutrient inputs is 
greatly influenced with a number of environmental factors as well. The growth of algae 
and its diversity is dependent upon the quality and quantum of light, temperature 
inversion and geographical location of a water body. The variation in eutrophication level 
is directly dependent upon the pattern of phosphorus cycling. The phosphorus cycling 
varies in the monomictic, dimictic and polymictic lakes. Temperature limits the rate of 
cell division in all organisms. The ecological amplitude of temperature varies organism to 
organism. The temperature below the lower or above higher tolerable limits retards cell 
division, presumably by affecting enzyme structure (Giese, 1979). Ghosh et al (1995) 
noticed a temperature related growth of duckweed. The growth rate of duckweed reduced 
when temperature was brought down below lO^C. The freezing cold temperature 
completely inhibits the growth rate of duckweed. Significantly higher yield and number 
of fronds of Spirodela polyrrhiza and Spirodela punctata was observed at 33°C and 25°C, 
respectively (Aziz and Mobina, 1999). Several plant processes including enzyme 
reactions, metabolisms and CO2 fixation are temperature dependent (Giese, 1979; 
Treshow, 1970). The temperature also affects the pH and viscosity of water (Treshow, 
1970; Garg, 1998). The acidic pH accelerates absorption of phosphates (Devlin and 
Witham, 1986). The death and decay of rapidly growing aquatic plants incr^sed the 
turbidity of water and reduced the dissolved oxygen (Rao, 1998). 
The growth of aquatic flora is enhanced when soluble inorganic form of 
phosphorus is available to the plant. The organic phosphorus bound into sediments is 
released under anoxic conditions. It is again made available to the upper layer of water 
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body when temperature inversion results into the circulation of water. The water mixing 
period in shallower lake of tropical countries may be consistently longer in a year. Shen-
Dong Sheng and Shen (2002) studied impact of limiting factors on eutrophication of the 
river networks in Zhejiang, China and determined the effect of light intensity, 
temperature and nutrients (N and P) on algal growth. The amount of algae increased with 
an increase in light intensity and temperature. The luminance of 4000 lux and 30° C 
temperature were the most favorable conditions promoting algal growth in eutrophic 
water bodies. The effect of temperature was more prominent than the impact of light 
intensity. It is evident from this review that eutrophication induced significant change in 
the diversity of phytoplankton increased the primary productivity. The change in 
diversity and production of autotrophs affect the diversity and density of 
aquaticheterotrophs accordingly. The changes in the rate of primary production showed 
the trophic status of aquatic ecosystems and their health (Herrera-Silveira et al, 2002). 
Changes in biodiversity have directly affected the primary productivity (Leveque, 2001), 
detritus processing (Johnson and Malmqvist, 2000) and nutrient transport at the interface 
of water and sediment (Pahner et al, 1997; Mermillod-Blondin et al, 2002). Greater loss 
of species diversity in higher trophic levels may have strong repercussion down the food 
chain (Carpenter, 1988; Bronmark et al, 1997). 
The consistent change in the diversity of organism modifies the aquatic 
environment at a faster rate. The autogenic succession of eutrophic water bodies modify 
their own environment from inorganic rich to an organic rich state leading to the 
significant structural changes in the diversity. In eutrophic water bodies, early onsets of 
succession consistently reduce the size and depth of water body. The shallow eutrophic 
water bodies in densely populated areas of human settlement are under the direct threat of 
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reducing their size and water recharging capacities. The mankind like other organisms the 
mankind also preferred the settlement along the freshwater bodies (lentic or lotic). The 
problem of eutrophication has increased manifolds with increase in the population, 
excessive use of fertilizers and increase in industrialization. It is now evident that the 
water bodies of the highly populated countries like China, India, Bangladesh, Pakistan, 
Indonesia, industrialized countries of Europe and Great Lakes States of USA and Canada 
are under the direct threat of eutrophication. The floral and faunal diversity is threatened 
in the costal areas receiving direct input of nutrients from some of the major rivers like 
Amazon, Nile, Ganges, Hubli, Yamuna, Brahamputra, Danube, Issar, Rheese, Thames, 
Mississippi, Hudson, Columbia, Connecticut and Sasketchewan etc. 
In the review several aquatic species have been suggested as indicators of 
eutrophication. Some of the aquatic plants accumulate nutrients in higher concentration. 
The consistent removal of the accumulators soon after their blooms may reduce the 
phosphorus level in the water bodies. As suggested in the control measures the biological 
measures are usually effective in smaller, shallow and lentic water bodies. The 
mechanical control of phosphorus input through the sewage treatment plants, an 
international understanding and awareness in reducing the use of phosphorus builders in 
the detergents appears to be more effective way in saving the water resourecs. More 
emphasis is required to assess the utility of indicator plants. The impact of eutrophication 
on the negative and positive feedback due to loss of flora and fauna should be worked 
out. Floating macrophytes seems to be more important indicators of eutrophication and 
needs to be studied for their range of responses and limitations in varying environmental 
conditions. As evident from the literature review, the informations on the responses of 
duckweeds to detergents are not available. In the present work impact of 36 selected 
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detergents commonly prevalent in India has been studied. The impact of temperature and 
pH variation on the duckweed response to a selected detergent has also been studied. 
More co-ordinated research schemes and control measures are required to preserve all 
available water resources for our own need and future generations. 
Materials and 
Methods 
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MATERIALS ANJ^lTHOgS^ 
Selection and Collection of Plant Material 
The two common duckweeds namely Lemna minor (L.) and Spirodela polyrrhiza 
(L.) Shield, of family Lemnaceae were selected for the experiments. The individuals of 
both the species were collected with the help of tea strainer from the fresh water bodies of 
civil line area of Aligarh. Both the selected duckweeds were brought to the laboratory in 
separate polyvinyl containers with adequate quantity of water. The collected duckweeds 
were washed 3-4 times with tap water. 
Botanical Description of Selected Plants (Pandey, 1997) 
a) Lemna minor (L.) 
Habit: They are the smallest and least differentiated angiosperms of the world. They are 
aquatic in nature and found floating in fresh waters. 
Diversity and distribution: The species of Lemna are widely distributed in both 
temperate and tropical parts of the globe except in arctic regions. 
Plant morphology: The plant body consists of green dorsiventral scale like shoots. The 
shoots of Lemna range from 1/8 to 3/4 inch. The plants do not possess leaves and flat 
green shoot perform the functions of leaf The plant body may easily be differentiated 
into a basal portion with two lateral pockets from which the branches arise. From the 
ventral surface of the flattened stem a single adventitious root come out. The apex of root 
is converted by a few layered sheaths (root cap) which is visible to the unaided eyes. 
The internal structure of the shoot is spongy in nature and consists of 
parenchymatous cells. These cells remain separated from each other by large or small air 
spaces, which communicate with the outside by stomata on the upper surface. Vascular 
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tissue is represented by a single median vascular bundle of very simple structure. 
Inflorescence: in temperate zones, the flowers are rarely developed. The inflorescence is 
quite simple and arises in the pocket. 
Flowers: The flowers are unisexual. The plants are monoecious, i.e., both male and 
female flowers develop in the same inflorescence. The flowers are without perianth 
(naked). The male flower consists of single stamen. The filament is stout bearing at its 
apex a pair of dithicous anther-halves. The pollen grains are spherical and covered with 
small warty outgrowths. The female flower consists of single carpel. The pistil is flask 
shaped with a short funnel shaped stigma. The ovary is unilocular with one to six basal, 
erect, orthotropous or more or less completely anatropous ovules. 
Fruit: Inconspicuous, usually one seeded. 
Seed: the seed possess a thick fleshy outer and a thin inner coat. The embryo consists of a 
large cotyledon surrounded by scanty endosperm. 
Pollination: The pollination is affected by wind, water or animals. 
Propagation: New plant buds arise fi'om the pockets on either side of the parent plant 
and eventually breaks apart. Over winters as winter buds on the lake bottom, but rarely 
reproduces from seeds. A plant can rei^oduce itself about every 3'*' day under ideal 
conditions in nutrient rich waters. 
Importance of plant: Food for fish and waterfowl and habitat for aquatic invertebrates. 
Because of its high nutritive value, duckweeds have been used for cattle and pig feed in 
Africa, India and southwest Asia. They are also used to remove nutrients from sewage 
effluents. 
b) Spirodela pofyrrhiza (L.) Shleid 
Habit: They are the smallest and least differentiated angiosperms of the world. They are 
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aquatic in nature and found floating in fresh waters. 
Diversity and distribution: The species of Spirodela are widely distributed in both 
temperate and tropical parts of the globe except in arctic regions. 
Plant morphology: The plant body consists of green dorsiventral scale like shoots. There 
are no leaves and flat green shoot perform the functions of leaf The plant body (thallus) 
is actually an expended "stem" which fimctions as leaf It is oval to oblong, has 5-12 
distinct veins and is 4-10 mm long. The thallus is glossy green and smooth on the upper 
surface and reddish purple below. Clusters of 4-16 slender flbrous roots hang below the 
surface of the water from each plant. Each roots ends with a pointed root cap. 
The internal structure of the shoot is spongy in nature and consists of 
parenchymatous cells. These cells remain separated from each other by large or small air 
spaces, which conmiunicate with the outside by stomata on the upper surface. Vascular 
tissue is represented by a single median vascular bundle of very simple structure. 
Inflorescence: in temperate zones, the flowers are rarely developed. The infloresceiKe is 
quite simple and arises in the pocket. 
Flowers: The flowers are unisexual. The plants are monoecious, i.e., both male and 
female flowers develop in the same inflorescence. The flowers are without perianth 
(naked). The male flower consists of single stamen. The filament is stout bearing at its 
apex a pair of dithicous anther-halves. The pollen grains are spherical and covered with 
small warty outgrowths. The female flower consists of single carpel. The pistil is flask 
shaped with a short funnel shaped stigma. The ovary is unilocular with one to six basal, 
erect, orthotropous or more or less completely anatropous ovules. 
Fruit: A ribbed seed develops in a balloon like bag (utricle). 
Seed: the seed possess a thick fleshy outer and a thin inner coat. The embryo consists of a 
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large cotyledon surrounded by scanty endosperm. 
Pollination: The pollination is affected by wind, water or animals. 
Propagation: Reproduces quickly by asexual budding, seeds and over winters as dark 
green or buds on the sediments. 
Importance of plant: Provides a high protein food source for ducks and geese, also eaten 
by certain fish in Africa and Asia, giant duckweed has been harvested for cattle and pig 
feed. Grows quickly, especially the water is warm and nutrient enriched. It has been used 
to reduce nutrients in sewage effluents. 
Classification of Lemna minor and Spirodela pofyrrhiza: (Pandey, 1997) 
Bentham and Hooker (1862) Engler and PrantI (1931) Hutchinson (1959) 
Phanerogams Phanerogams Angiospermeae 
Monocotyledones Monocotyledoneae Monocotyledones 
Nudiflorae Spathiflorae Corolliferae 
Lemnaceae Lemnaceae Arales 
- - Lemnaceae 
Culture and Stock of the Selected Duckweeds 
The plants of Lemna minor (L.) and Spirodela pofyrrhiza (L.) grow vegetatively 
and quickly. The duckweeds collected were cultured in larger bowl shaped earthen pots 
locally called as Nand. The appropriate size of these pots was around 40 cm diameter, 25 
cm depth and 19 liters capacity (Plate 2c). The pots were filled with 15 liters of tap water. 
After a lag phase of 24 hours, 15 ml macronutrient (Hoagland) solution (Mahadevan and 
Sridhar, 1986), 1ml litre' of water was added in culture pots (Table 1). The total volume 
of 15 litres of water in the earthen pot was maintained every 24 hours by maintaining the 
marked water level. The pure stock/culture of single duckweed was separately maintained 
by constant removing of any other duckweed appearing in the pure culture (Plate 2a, b). 
Plate 2 shows the pure culture of the two duckweeds maintained for experiments in large 
earthen pots and acclimatized in the net house. 
(a) Earthen pots showing pure population of Lemna minor 
(b) Earthen pots showing pure population of Spirodela polyrrhiza 
(c) Shows a set of experiment with six concentrations of Surf Excel (0-50 ppm). Each 
concentration had 3 replicates. 
(a) (b) 
Plate 2 
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Table 1. Stock solution of macro nutrients (Hoagland solution). 
Macronutrients 
NH4H2PO4 
KNO3 
Ca(N03) 
MgS047H20 
g litre"' 
0.23 
1.02 
0.492 
0.49 
Setting of Experimental Pots 
The required numbers of individuals of Lemna minor and Spirodela polyrrhiza (of 
approximately mature body size) were carefully transferred from the maintained 
duckweed stocks to the experimental pots (filled with detergent solution of varying 
concentration and Trade brands) with the help of small painting brush (Number 2). 
Treatments and Detergent Solution 
In the screening experiment the selected duckweeds were treated with 3 
concentrations of commonly available detergents under 36 brand names (Table 2, Plate 
3). In the screening experiments 10 ppm, 30 ppm and 50 ppm of each detergent were 
prepared in tap water and used as Ti, T2 and T3. A control as To having no detergent but 
the tap water was also maintained for the reference (Table 3, 4). In rest of the 
experiments, the growth performances of the selected duckweeds were studied in 5 
varying concentrations of a selected detergent 'Surf Excel' and a control (tap water). The 
treatment named as To consisted of simple tap water (without detergent). The treatments 
T], T2, T3, T4 and T5 consisted of 10, 20, 30,40, and 50 ppm of 'Surf Excel' in tap water, 
respectively (Table 3, 4). The required detergent solutions were prepared from the 100 ml 
stock solutions of 1, 2, 3, 4 and 5% of detergent cakes or powders in tap water by further 
Table 2. List of the detergent products used in screening experiments. 
S.No. 
I. 
2. 
3. 
4. 
5. 
6. 
7. 
%. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Brand Name 
Ariel 
Ariel 
Budget 
Doctor 
Doctor 
Double Dog 
Cleano 
Fena 
Fena 
Friendly Wash 
555 
Ghari 
Ghari 
Henko 
Henko 
Maxdean 
Mor 
Mor 
Morlight 
Mr. White 
Form 
Cake 
Powder 
Cake 
Cake 
Powder 
Powder 
Powder 
Cake 
Powder 
Powder 
Cake 
Cake 
Powder 
Cake 
Powder 
Powder 
Cake 
Powder 
Powder 
Powder 
Product By 
Procter and Gamble Home Products Ltd. 
Mumbai. 
Procter and Gamble Home Products Ltd. 
Mumbai. 
Kothari detergent Ltd. Kanpur. 
P.C.Cosma Soap Pvt. Ltd. New Delhi. 
P.C.Cosma Soap Pvt. Ltd. New Delhi. 
KTC Pvt.Ltd. Kanpur. 
Garud Homo-Cleanse Pvt. Ltd. Ddhi. 
Fena Pvt.Ltd. New Delhi. 
Fena Pvt. Ltd. New Delhi. 
Henkel Spic India Ltd. Chennai. 
Goramal Hariram Ltd. New Delhi. 
KTC Pvt.Ltd. Kanpur 
KTC Pvt.Ltd. Kanpur 
Haikel Spic India Ltd. Chennai. 
Henkel Spic India Ltd. Chennai. 
Wiseman Home Products. 
Sagar Detergent Pvt.Ltd. Kanpur 
Sagar Detergent Pvt.Ltd. Kanpur 
Sagar Detergent Pvt.Ltd. Kanpur 
Henkel Spic India Ltd. ChMinai. 
'Prices 
75 
UO 
22 
19 
18 
40 
19 
20 
19 
40 
17 
20 
18 
48 
87 
140 
19 
17 
18 
41 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
Nirma 
Ninna 
Ninna Super 
Plus 
Plus 
Plus (Extra) 
Plus (Saving) 
Rin 
Rin Shakti 
Rin Supreme 
Surf 
Surf Excel 
Tide 
Time-Zee 
Wheel 
Wheel 
Cake 
Powder 
Powder 
Cake 
Powder 
Powder 
Powder 
Cake 
Powder 
Powder 
Powder 
Powder 
Powder 
Powder 
Cake 
Powder 
Nirma Ltd. Ahmadabad. 
Nirma Ltd. Ahmadabad. 
Nirma Ltd. Ahmadabad. 
Corona Plus Inds.Ltd. Mumbai. 
Corona Plus Inds.Ltd. Mumbai. 
Corona Plus Inds.Ltd. Mumbai. 
Corona Plus hids.Ltd. Miunbai. 
Hindustan Lever Ltd. Mumbai. 
Hindustan Lever Ltd. Mumbai. 
Hindustan Lever Ltd. Mumbai. 
Hindustan Lever Ltd. Mumbai. 
Hindustan Lever Ltd. Mumbai. 
Procter and Gamble Home Products Ltd. 
Mumbai. 
Ramnagar Khadi Gramudyog Samiti. Chandauli. 
Hindustan Lever Ltd. Mumbai. 
Hindustan Lever Ltd. Mumbai. 
24 
18 
52 
22 
40 
45 
19 
68 
42 
76 
89 
135 
100 
20 
23 
20 
* Prices- Average retail prices of lOOOg. converted from the retail prices of 75g packs as sold 
in the local market in 2002-2003, Rs=Rupees (Rs-lOO = US $ 2.25, subject to a minor day to 
day fluctuation) 
Plate 3. Shows the photograph of detergents taken during the survey of commonly 
prevalent detergent in the market in the form of (a) cakes and (b) powders. Some of these 
detergents were selected for the screening experiments on the responses of two selected 
duckweeds. 
(a) 
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dilutions. Owing to hygroscopic nature, the detergent cakes and powders used in the 
present experiments were oven dried at 60° for 24 hours before weighing. 
Table 3. Scheme of treatments of the selected duckweeds with varying concentrations of 
detergent in various experiments coducted in polyvinyl and earthen pots. 
Treatments 
(each in triplicate) 
To (control) 
Ti 
T2 
T3 
T4 
T5 
Screening experiment with 
the listed 36 detergents 
0 ppm (tap water only) 
lOppm 
30 ppm 
50 ppm 
Experiment with 
Surf Excel 
0 ppm (twp water only) 
10 ppm 
20 ppm 
30 ppm 
40 ppm 
50 ppm 
Experiments Des^ned 
The first two experiments were designed to work out the growth response 
(population and dry wei^t) of the selected duckweeds to varying concentrations of the 
36 selected detergents dissolved in the tap water (Table 2, 3, 4). The first screening 
experiment was conducted on Lemna minor and second on Spirodela polyrrhiza. In the 
screening experiment with Lemna minor 10, individuals and in experiment with Spirodela 
polyrrhiza, 5 individuals of almost equal size were transferred firom the maintained pool 
to polyvinyl pots of the size 88 mm x 64 mm (diameter x depth) of 180 ml capacity 
containing 150 ml of the detergent solution (of a desired concentration). The pots of each 
detergent and their concentration were maintained in triplicates. The duckweeds were 
allowed to grow for another 10 days. The day of transfer of plants was counted as day-1. 
The population and growth rate of Lemna minor and Spirodela polyrrhiza was recorded at 
every 48 hours interval at 3"*, 5*^ , 7^ 9^ ,^ and 11* day stage (corresponding to 48, 96, 
Table 4. A summary of the designed expenments. 
Species and 
number of 
individuals 
inoculated at day-1 
Treatments 
(detergent in tap 
water) 
Pot type, Volume, 
Size and replicates 
Parameters studied 
Lemna minor, 10 
individuals in each 
cup 
0 (control), 10, 30 
and 50ppm of the 
36 selected 
deterg«its (solution 
ISO ml) 
Polyvenyl cups, 
180ml,88x64nmi 
(diam x depth), 3 
replicates 
Population (at S'**, 5*, 
7*, 9* & 11* day) 
and Dry weight after 
terminMion, at II* 
day 
Spirodela 
polyrrhiza, 5 
individuals 
-do- -do- -do-
PopuiationTatr^^^ 
7*, 9* & 11* day), 
p-owth paramet^s 
and uptake of NPK at 
ll*day 
Lemna minor, 100 
individuals in each 
earthen pot 
0 (control), 10, 20, 
30,40 and SOppm 
of Surf Excel 
detergent powder 
(solution 15 Liters) 
Earthen pot 
(Nand),19Utres, 
Approx. 40 X 25 cm 
(diam x depth), 3 
replicates 
Spirodela 
polyrrhiza,10 
individuals 
-do- -do- -do-
Lemna minor, 100 
individuals + 
Spirodela 
polyrrhiza, 20 
individuals 
-do- -do- -do-
Lemna minor, 10 
individuals 
Tanperature 
variations, 10°, 20", 
30", 40° and 50°C at 
each treatment level 
( 0, 10, 20, 30, 40 
and 50ppm) of Surf 
Excel 
Polyvinyl cups, 180 
ml, 88 x 64 mm 
(diam x depth), 3 
repUcates 
-do-* 
Spirodela 
polyrrhiza, 5 
individuals 
-do- -do- -do-* 
Lemna minor, 10 
individuals 
pH variations, 6.0, 
6.5, 7.0, 7.5 and 8.0 
at each treatment 
level (0, 10, 20, 30, 
40 and 50ppra) of 
Surf Excel 
-do- -do-
Spirodela 
polyrrhiza, 5 
individuals 
-do- -do- -do-
# The Lemna minor diowed an early maturity and death (complete chlorosis) at 40°C and 
50°C. The growdi parameters and uptake of NPK at 40°C and 50T were recorded at 7* and 
5* day, respectively after the death of the plants. 
*The Spirodela polyrrhiza showed an eaily maturity and death (complete chlorosis) at 40'*C 
and 50°C. The growth parameters and uptake of NPK at 40°C and 50"C were recorded at 9* 
and 5* day, respectively after tfie death of the plants. 
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144, 192, 240 hrs intervals, respectively). The experiments were terminated on 11* day 
and plants were harvested, dried in oven at 80°C for 24 hours and weighed (as per the 
scheme given in table 4). 
The detailed studies on the responses of the two selected weeds to 0, 10, 20, 30, 
40 and 50 ppm of Surf Excel were carried out in large earthen pots (locally called as 
Nand) of size approximately. 40cm x 25cm (diameter x depth) and of about 19 liters 
capacity filled with 15 liters of the detergent solution (Table 4). In these pots 100 
individuals of Lemna minor and 20 individuals of Spirodela polyrrhiza were inoculated 
(singly or jointly) on day 1*' fi"om the pure duckweed stocks. Population and growth rate 
oi Lemna mmor and Spirodela polyrrhiza was recorded at 3"^ , 5*, 7*, 9'*' and 11* day of 
transplant in the pots. The uptake of NPK, chlorophyll content (a, b, and total), dry 
weight and physico-chemical properties of detergent solutions were determined after the 
termination of experiments on 11*^  day (Table 4). 
Two separate experiments were conducted in polyvinyl pots to evaluate the effect 
of temperature variation (viz. 10°, 20", 30°, 40°, & 50° C) and its interaction with varying 
concentrations of Surf Excel detergent on growth responses of duckweeds. The polyvinyl 
pots inociilated with Lemna minor or Spirodela polyrrhiza were placed in BOD incubator 
(Caltan, Narang Scientific Works Pvt. Ltd., New Delhi) for the temperature treatments 
maintained at 10°, 20°, 30°, 40°, or 50° C. The population growth in all pots was recorded 
at regular intervals and all other growth parameters were studied after the termination of 
the experiments (Table 4). 
Due to early mortality of Lemna mmor at higher temperatures 40° and 50°C, the 
population and other growth parameters were recorded finally at 7*^  and 5* day, 
respectively. These parameters of Spirodela polyrrhiza maintained at 40° and 50° C 
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temperature were finally recorded at 9* and 5*^  day, respectively. The plants with 
maximum brownish or yellowish appearance (chlorosis) were treated as dead. 
Two experimeirts were conducted to study the effect of pH variation on the 
responses of selected duckweeds to varying levels of Surf Excel detergent in the 
ecosystem at a given temperature. The pH of detergent solutions and t ^ water was 
maintained at pH 6.0, 6.5, 7.0, 7.5 and 8.0 by using NaOH or HCl .The data on growth 
parameters were recorded as in previous experiments (Table 4). 
Data Recording 
The data on population growth of both the selected species in all sets of 
experiments were recorded at 3"*, 5*, 7*, 9**^  and 11* day stage (each stage at 48 hrs 
interval). The water and plant analysis was carried out after the termination of 
experiments (on ll"" day or earlier as in experiments with temperature treatments). For 
the analysis of plant material in experiments with pH and temperature treatments on 
Lemna minor and Spirodela polyrrhiza in small polyvinyl pots, each replicate (out of 
three) was a sum of twenty pots. However, the population and growth rate were 
calculated using only three pots. The data so obtained were analyzed statistically 
following Dospekhov (1984) for mean ± standard deviation, percent variation and 
significance of the variation over control. 
To avoid zero in the statistical analysis, the day of the inoculation (transplant) was 
considered as day-1. In population growth parameters, the percent variation at various 
growth stages was worked out with respect to initial population at day-1 stage. The 
correlation coefficients and regression equation for growth rates best fitting to the data 
was also estimated. 
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Statistical Analysis 
The data collected were analyzed statistically as under: 
a) Mean 
The arithmetic mean or simple mean or so called average value, is easily 
computed by taking the sum of the observations of a given parameter and dividing it by 
the total number of observations (n) thus, 
^ _ X , + X , + X 3 X„ 
or x = -=-— 
n 
Where, Xi, X2, X3 and Xn are the observations and n is the total nvmiber of 
observations involved. 
b) Standard deviation (S.D.) 
Standard deviation or the standard range of observations is the positive square root 
of the average of sum of the squares of deviations of all observations from their mean. 
Symbolically S.D. for small samples (less than 30 replicates) was computed as. 
/(X -Xxf + Qi-Xjf + iX-Xyf (X -Xn)^ 
S.D.= ±, 
n - 1 
Where, x = mean of the observations 
Xi, X2, X3 Xn = observations 
n = total number of observations 
c) Percent variation (P. V.) 
To show and compare relative variability of two or more sets of measurements 
entirely in different units, P.V. was calculated. Percent variation of any parameter (a unit less 
number) measures the magnitude of variation present between the means of control and any 
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given treatment relative to the control. 
t n - t 
P.V. = +/-- 0 "-X 
to 
Where, Mean of t,, = control 
Mean of tx= any treatment (Ti to Ts) 
d) Least significant difference (L.S.D.) 
The value limiting the ultimate random deviation is called as the least significant 
difference. It is abbreviated to L.S.D. If the empirical difference d = or > LSD, it is 
significant and if d < LSD, it is insignificant. The least significant difference for unifactor 
and bifactor experiments was applied and computed as follows: 
i) Unifactor experiment 
One example of the procedure of computing the L.S.D. of the unifactor variants to 
test the effect of varying treatments of Ariel detergent cake on the dry weight of Lemna 
minor (as shown in Table 11) is given herewith in 8 steps. 
Step-1. Construction of data table for 4 treatments and 3 replicates. The data were 
compiled such that, each treatment occupies a column and their replicates were arranged 
in rows (Table 5). 
Step-2. Correction factor (CF). 
CF = fi5kI = fiH^ 1^60846.2 
t.r. 4x3 
Where, t = number of treatments 
r = number of replicates 
Wx = grand total (colvimns/rows) 
Step-3. Total sum of squares (SSQT). 
Table 5. Construction of data table for 4 treatments and 3 replicates to compute LSD. 
Rows 
(replicates) 
R. 
R2 
Ri 
Total of 
Column QJ 
Squares of 
Totals of 
Column 
(If 
Sum of 
Squares of 
Totals of 
Columns 
Columns (treatments) Number 
To 
113.54 
112.31 
114.77 
340.62 
(340)^ 
=116022 
(113.54)^ 
+ 
...(114.77)^ 
= 38677.0 
T, 
114.62 
113.39 
115.85 
= 343.86 
(343.86)^ 
= 118240 
{\U.62f 
+ 
...(115.85)^ 
= 39416.3 
Ta 
118.67 
118.22 
119.12 
= 356.01 
(356.01)^ 
=126743 
(118.67)^ 
+ 
...(119.12)^ 
= 42248.1 
T3 
116.27 
115.78 
116.76 
= 348.81 
(348.81)^ 
=121668 
(U6.27y 
+ 
...(116.76)^ 
= 40556.6 
Total of 
Rows 
(replicates) 
463.1 
459.7 
466.5 
Wxor 
13893 
Squares of 
Total Rows 
(463.1)^ 
= 214461.6 
(459.7)' 
= 211324.1 
(466.5)^ 
= 217622.3 
Wror 
643408.0 
Wy or 482673.2 
Wz or 160898.0 
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This is the sum of squares of all the values in the table less the correction factor. 
SSQT = Wz - CF = 160898.0 - 160846.2 = 51.78 
Step-4. Sum of squares of treatments (SSQt). 
SSQt = ^ - C F = ^ ^^?^^-160846.2 =44.87 
r 3 
Where, r = number of replicates or rows 
Step-5. Sum of squares of rows or replicates (SSQr). 
SSQt = ^ - C F . ^ l ^ ^ ^ - 1 6 0 8 4 6 . 2 = 5 . 8 
^ t 5 
Where, t = number of treatments or columns 
Step-6. Sum of squares of error (SSQE). 
SSQE = SSQT - (SSQt + SSQr) = 51.78 - (44.87 + 5.80) = 1.11 
Step-7. Estimated variance of error (MSE). 
SSQE 1 11 
MSE = -^  = -^ = 0.185 (t-l)(r-l) (4- l ) (3- l ) 
Step-8. Least significant difference, based on ordinary t-test (LSD). 
LSD at 5% level = j ^ M ^ l . (t value at 5% level) 
= / 2xO_H£(2.45).o.8« 
LSD at 1% level = I^M51. (t value at 1% level) 
• 
2'<»_i!£(3.7,) = lJO 
ii) Bi-factor experiment 
One example of the procedure of computing the LSD of bifector variant to test the 
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effect of varying treatments of Ariel detergent cake at varying growth stages (days) on 
population of Lemna minor (as present in the observation Table 9) is given herewith in 10 
steps. 
Step-1. Construction of data table for a total 20 treatments (4 concentrations of detergent 
*A' X 5 growth stages in days 'B') and 3 replicates. The data were compiled such that, 
each treatment occupies a row and their replicates were arranged in column (Table 6). 
Step-2. Correction factor (CF). 
CF = J ^ 5 ^ i ^ = i l ^ ! l ) i =2734935 {t^xt^).T (4x5).3 
Where, tA = number of treatments of factor A (detergent treatment) 
te = number of treatments of factor B(days) 
r = number of replicates 
Wx = grand total 
Step-3. Total sum of squares (SSQT). 
This is the sum of squares of all the values in the table, less the correction factor. 
SSQT = Wz - CF = 29767- 27349.35 = 2417.65 
Step-4. Sum of squares of treatments (SSQt). 
SSQt = - ^ - CF = ^ ^ ^ ^ - 27349.35 = 2245.65 
r 3 
Where, r = number of replicates or rows. 
Step-5. Sum of squares of rows or replicates (SSQr). 
W 549875 
SSQt = -^-C¥= - 27349.35 = 144.4 
t 3 
where, tA= number of treatments of factor A(detergent treatment) 
te = number of treatments of factor B(days) 
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Step-6. Sum of squares of error (SSQE). 
SSQE = SSQT- SSQt - SSQr = 2417.65 - 2245.65 - 144.4 = 27.6 
Stcp-7. Determining sums for main effects (detergent treatments and days) and their 
interaction (Table 7). 
Step-8. Swn squares of main effects (detergent treatment and days) and their interaction. 
Sum squares of treatment A 
SSQt A = ^ ^— CF = - 27349.35 = 870.45 
tg.r 5x3 
Simi of squares of days B 
SSQtB =^^^^-CF = ^-^^^^-27349.35 = 1322.4 
V 4x3 
Sum of squares of interaction AB 
SSQtAB =SSQt - (SSQtA + SSQts) = 2245.65 - (870.45 + 1322.4) = 52.8 
Where, i^ = number of treatments of factor A (detergent) 
tB = number of treatments of factor B (days) 
r = number of replicates. 
Step-9. Estimated variance of error (MSE) of main effects and their interaction. 
MSEA (detergent treatments) = — ^ = — ^ = 290 
^ ( t^ - l ) (4-1) 
MSEB (detergent treatments) = -^^^k. = 1 2 ^ = 330.6 
(tB-1) (5-1) 
SSOt 52 8 
MSEAB (detergent treatments) = -^ -^ ^ = '• = 4.4 
( t^- lXtB-l) (4-l)(5-l) 
MSE (error) = ^^^ = '^— = 0.726 
( t^ tB- lXr- l ) (4X-1X3-1) 
Table 7. Determining sums for main effects (detergent treatments and days) and their 
interaction. 
Days (B) 
Day-3 
Day-5 
Day-7 
Day-9 
Day-11 
Sums (A) 
Squares of 
totals of 
columns 
Treatments of detergent, (A) 
To 
36 
45 
54 
60 
66 
261 
(261)' 
= 68121 
T, 
42 
54 
66 
72 
78 
312 
(312)' 
= 97344 
T2 
54 
72 
90 
96 
102 
414 
(414)' 
=171396 
T3 
36 
48 
60 
72 
78 
294 
(294)' 
= 86436 
Suins(B) 
168 
219 
270 
300 
324 
168+...324 
-1281 
Squares of totals 
of rows 
(168)' = 28224 
(219)'= 47961 
(270)' = 72900 
(300)' = 90000 
(324)' = 104976 
(168)'+(324)' 
= l t f or 
344061 
(261)'+.. .(294)'=2 A^ or 
423297 
68 
Steiv-10. Least significant difference, based on ordinary t-test (LSD). 
LSDA (detergent treatment) = I l£EE2£2 (t value at 5% level) 
tB-r 
( 2 2 1 ^ ( 2 . 0 1 ) ^ 0 . 6 3 
LSDB(days) = P ^ ^ ^ ^ ^ ^ (t value at 5% level) 
(i2i^Z2^ (2.01) = 0.70 
^ X f 
LSDAB (interaction) = J2MSE (error) ^^  ^^^^^ ^ ^ „^^ ^ ^^ ^^ ^^  
•i 2'<°:Z2i (2.01) = 0.70 
e) Correlation coefficient (r) 
The correlation coefficient is a statistical measure. It indicates both nature and 
degree of relationship between measurable characteristics, say growth stage (days) and 
growth rate of plant. The correlation coefficient is denoted by symbol 'r'. The value of 'r' 
varies between -1 to +1. The values closer to unit number 1 shows greater degree of 
relationship and sign (+ or -) indicate positive or negative relationship between the 
parameters. 
One example of the procedure of computing the correlation coefficient 'r' 
between the growth stage (in days) and growth rate of Spirodela polyrrhiza (as shown in 
Table 20) is given herewith involving 3 steps. 
Step-1. Construction of data table. 
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Table 8. Observations of pair of characters were arranged as follows: 
S.No. of pairs of 
observations(N) 
1 
2 
3 
4 
5 
TotalCS) 
Growth stage 
in days (X) 
3 
5 
7 
9 
11 
I X or 35 
Growth rate 
(Y) 
6 
4.5 
3 
2 
1.5 
l Y or 17 
X^ 
9 
25 
49 
81 
121 
or 285 
V^  
36 
20.25 
9 
4 
2.25 
jy2 
or 71.5 
XV 
18 
22.5 
21 
18 
16.5 
IXY 
or 96 
Step-2. Computation of the following, 
a) Sum of X-values I X 
b)SumofY-valueslY 
c) Squares of each X-value and their sum IX^ 
d) Squares of each Y-value and their sum IY^ 
e) Product of each pair (X and Y) and their sum IXY 
Step-3. Computation of 'r' values as follows: 
5x96-(35)(17) 
+ /- = 
V[5x285-(35)'][5x71.5-(17)'] 
= - 0.982 
Where, N = number of pairs of observations. 
f) Test of significance of 'r' 
The 't' test for the correlation coefficient was applied to determine whether the 
relationship between the two characters viz., treatment of detergent and dry weight of 
plant is really significant or merely due to chance. It was computed as follows: 
to=r. 
N-2 
' l - r ' 
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Where, r = correlation coefficient 
N = nxunber of pairs of observations 
to = observed value of't'. 
If observed value of 't' exceeds the table value of 't' the relationship is said to be 
significant. The table values of't' at 5% level and 1% level of significance were obtained 
from a table of t-values. When 'r'< 0.3, the correlation between variables is said to be 
weak; when r = 0.3-0.7, medium; and when 'r' > 0.7, strong. 
g) Coefficient of determination (d) 
It is derivative of correlation coefficient and denoted by 'd'. When expressed in 
percentage, it shows percent dependence of a dependable variant on independent variable. 
It is determined as follows: 
or, %d=100(r)2 
Where, r = correlation coefficient 
% d = coefficient of determination expressed in percentage. 
Ii) Linear regression 
Correlation coefficient elucidates the nature and degree of relationship between 
two characteristics. Due to such correlation, when variation in one variable brings in 
accompanying changes in the other, it enables us to predict the values of one variable 
fi^om the knowledge of other viz., for a given concentration of detergent the expected dry 
weight of a plant can be predicted by linear regression line or equation. The regression 
line best fitting the observations was obtained by the following formula 
Y = a + bX 
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^ _ N I X Y - ( I X ) ( I Y ) 
N I X ' - ( I X ) ' 
a = Y-bX 
Where, Y (Y-hat) indicates the predicted values of Y for a given value of X. X,Y are 
observations of two characters (treatment of detergent and plant dry weight), a and b are 
constants. X and Y are the arithmetic means of all observations of the respective 
variables (X and Y). 
Parameters studied 
The following parameters were studied. 
a) Characteristics of the varying concentrations of detergent solution. 
i) Turbidity 
ii)pH 
iii) Dissolved oxygen 
iv) Nitrates 
v) Phosphates 
vi) Potassium 
b) Growth parameters. 
i) Dry weight of plant (plants dried at 80° C for 24 hours after the termination of 
experiment) 
ii) Chlorophyll a 
iii) Chlorophyll h 
iv) Total chlorophyll 
v) Population growth 
vi) Population growth rate 
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c) Nutrient uptake in plants. 
i) Nitrogen content 
ii) Phosphorus content 
iii) Potassium content 
Methods and techniques of water analysis 
a) Characteristics of varying grades of detergent solutions. 
The water analysis of varying grades of detergent solution was carried out 
following Trivedi et al., 1987. The turbidity, pH, dissolved oxygen, nitrates, phosphates 
and potassium contents of detergent solution were analysed after the termination of 
experiments. 
i)pH 
The pH was determined with the help of pH meter (Elico, Elico Ltd. Hyderabad, 
India). The pH meter was calibrated with standard buffer of known pH before use. 
ii) Turbidity 
Turbidity was determined with the help of Nephroturbidity meter (Elico, Elico 
Ltd. Hyderabad, India). The turbidity meter was calibrated with the standard solutions of 
known turbidity. 
iii) Dissolved oxygen (DO) 
Samples were filled in a glass stoppard bottle of known volume (100-300 ml); care 
was taken to avoid any type of bubbling and trapping of air bubbles after placing the 
stopper. 1 ml of each MnS04 and alkaline KI solution was added below the surface 
through the walls (separate pipettes were used for these two rej^ents). A brown 
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precipitate appeared indicated the presence of oxygen. Content was shaken well by 
repeatedly inverting the bottle and keeping for sometime allowing the precipitate to settle 
down the precipitate. 2 ml of concentrated H2SO4 was added and shaken well to dissolve 
the precipitate. After the dissolution of the precipitate, only 100 ml of this solution was 
taken in conical flask for titration. Contents were titrated with in one hour of dissolution 
of precipitate with sodium thiosulphate solution using a few drops of starch as an 
indicator. At the end point, the initial dark blue colour changes to colorless. Dissolved 
oxygen content was calculated with the help of following formula: 
^ ^ (ml X N) of sodium thiosulphate x 8 x 1000 
D0 = -^^  mg/l 
VJ(V,-V)/V,] 
Where, Vi = volume of sample bottle 
V2 =volimie of content tito^ ated 
V = volume of MnS04 and KI added (2ml) 
iv) Nitrates 
50 ml of filtered sample were taken in a conical flask. To remove the interference 
of chloride, an equivalent amount of silver sulphate solution (1 mg l') of chloride, = 1ml 
AgS04 solution), was added. Solution was heated slightly and filtered the precipitate of 
AgCl. Filtrate was evaporated to dryness, after cooling; the residue was dissolved in 2 ml 
phenol disulphonic acid. Contents diluted to 50 ml and 6 ml of liquid ammonia was added 
to develop a yellow colour. Absorbance of the colour was read at 410 nm wave length 
with the help of Spectronic-20 Spectrophotometer. Nitrates were calculated from the 
standard curve. Standard curve was prepared between concentration of nitrates and 
absorbance from 0.0 to 1.0 mg /I of nitrates at the NO3-N at the interval of 0.1 by finding 
the absorbance of standards. 
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v) Phosphates 
50 ml of filtered sample were taken in a conical flask, 2 ml of ammonium 
molybdate solution and 5 drops of stannous chloride reagent were added. A blue colour 
developed in the presence of phosphates, absorbance of which was read at 690 nm wave 
length on Spectronic-20 Spectrophotometer using distilled water as a blank with the same 
amount of chemicals as in case of samples. The reading on Spectrophotometer should be 
taken after 5 minutes but before 12 minutes of addition of the last reagent. The 
concentration of phosphate calculated with help of standard curve. The standard curve 
was prepared in the range of 0.0 tol.O mg f' of PO4-P at the interval of 0.1, following the 
same method described for the NO4-N. 
vi) Potassium 
The estimation of potassium was carried out directly with the help of ftame 
photometer (AIML, Aimil Sales and Agencies Pvt. Ltd., New Delhi) using appropriate 
filter and a standard curve by taking known concentration of potassium. A stock solution 
of 1,000 ppm of K was prepared by dissolving 1.908 g KCl in 1 liter DDW. Diluted 
solutions containing 2, 5, 10, 15, and 25 ppm of K were prepared from the stock solution. 
The standard curve was prepared by plotting the flame photometer readings against 
concentration of potassium. 
c) Growth parameters, 
i) Dry weight of plant 
As described on page 71. 
ii) Chlorophyll estimation 
The chlorophyll contents of plant (chlorophyll a, b and total) were determined by 
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grinding 100 mg fresh green material of plant in 5nil acetone (80%) with the help of 
mortar and pestle. The suspension was decanted with funnel having Whatman filter paper 
No-1. The supernatant was rewashed with 3 ml of 80% acetone through the same filter 
paper. The total filtrate was taken in a graduated test tube and final volume was made up 
to 10 ml with 80% acetone. The optical density of chlorophyll solution read at 645 nm 
and 663 nm wave lengths with the help of Spectronic-20 Spectrophotometer (Elico, Elico 
Ltd. Hyderabad, India). The chlorophyll contents were calculated according to the 
formula given by Amon (1951) as given below: 
nui 1, 11 / / fiw,!,.- ^ 12.7(O.D.663)-2.69(O.D.645)xV 
Chlorophyll a (mg/g of firesh tissue) ~ 
Chlorophyll b (mg/g of fi^sh tissue) 
Total Chlorophyll (mg/g of fresh tissue) 
*^  ^  ^ lOOOxW 
Where, O.D. = optical density (absorbance) at given wave lengtfis viz. 645 nm and 
663 nm. 
V = total volume of chlorophyll extract prepared in 80% acetone. 
W = fresh weight of plant tissue in g. 
iii) Population growth 
Population growth was determined by counting the number of individuals of 
Lemna minor and Spirodela polyrrhiza at 3"*, 5*, 7^ 9* and 11* day stage of the 
experiment and compared with initial population (population at day-1 stage). 
iv) Population growth rate 
Population growth rate oi Lemna minor and Spirodela polyrrhiza was calculated 
at 3 , 5*^ , 7"*, 9 and 11 * day of growth stage in terms of number of individuals per day. 
1000 xW 
22.9 (O.D.645) - 4.68 (O.D.663) x 
1000 xW 
20.2 (O.D.645) + 8.02 (O.D.663) > 
V 
:V 
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c) Nutrient uptake. 
To determine the nutrient uptake of plant the samples from each bed were washed 
with double distilled water (DDW) to remove the adhered dust particles etc. The samples 
were dried in oven at 80 C for 24 hours. Dried material was powdered and the powder 
was passed through a 72 mesh. The sieved powder was digested according to Lindner 
(1944) for the estimation of N, P, and K. 100 mg of dried powder was taken in a 50 ml 
Kjeldahl flask. To this, 2 ml of concentrated H2SO4 was added and heated for 2 hours. 
After 2 hours, the colour of the mixture turned black. It was cooled in about 15 minutes, 
0.5 ml of chemically pure 30% H2O2 was added drop by drop and this procedure was 
repeated till a clear solution is obtained. The peroxide digested material was transferred to 
100 ml volumetric flask, it was washed 3-4 times with DDW and the volume was made 
up to the mark. 
i) Estimation of nitrogen 
The nitrogen was estimated following the method of Lindner (1944). A 10 ml of 
aliquot of peroxide digested material was taken in a 50 ml volumetric flask, 2 ml of 2.5N 
sodium hydroxide and 1 ml of 10% sodium silicate solution were added in it to neutralize 
excess of acid and to prevent turbidity, respectively. The volume of the solution was 
made with DDW up to the 50 ml mark. In a 10 ml graduated test tube, 5 ml aliquot of this 
solution was taken and 0.5 ml of Nessler's reagent was added. The final volume was 
made 10 ml with DDW. After waiting for 5 minutes to develop the colour, the absorbance 
of the solution was determined at 525 nm wave length on Spectronic-20 
Spectrophotometer. A blank was prepared by adding 0.5 ml of Nessler's reagent, 2 ml of 
2.5N NaOH, and 1 ml of 10% sodium silicate in 10 ml graduated test tube and the final 
v^ -
1^ T-
Asa'} T ^ ^ 
•0^9 
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volume was made by adding 6.5 ml of DDW. A standkra.^ torY€ was pTeaired^y taking 25 
mg of ammonium sulphate in a 500 ml of volumetric flask and volume was made with 
DDW. From this stock solution 0.1, 0.2,0.3, 1.0 ml was taken by a pipette and poured 
into 10 test tubes, each marked for their respective volume of stock solution. These were 
than diluted up to 5 ml. Thereafter, 0.5 ml of Nessler's reagent was added and a yellow 
colour developed (in few minutes in each test tube of varied intensities according to the 
concentration of stock solution present in it). The solution of standard curve and samples 
were read for their absorimnce at 525 nm using Spectronic-20 Spectrophotometer. A 
calibration curve was plotted with optical density on X-axis and known concentration of 
anunonium sulphate on Y-axis, nitrogen was expressed in terms of percentage on dry 
matter bases. 
U) EstimatioD of phosphorus 
Phosphorus contents in digested material were estimated by the method of Fiske 
and Subbarow (1925). A 5 ml aliquot from each sample was taken in 10 ml graduated test 
tubes. To each test tube 1ml of molybdic acid was added carefully followed by the 
addition of 0.4 ml of l-amino-2-nepthol-4-sulphonic acid. The colour turned blue and 
solution was made up to 10 ml with DDW. The solution was shaken for 5 minutes and 
then transferred to a colorimetric tube to observe the absorbance in Spectronic-20 
Spectrophotometer at 625 nm wave length. Simultaneously a blank was prepared by 
taking 8.6 ml of DDW + 1 ml of molybdic acid and 0.4 ml of l-amino-2-nepthol-4-
sulphonic acid and run with each set of determination. 
A solution for the standard curve was jM e^pared by dissolving 350 mg of KH2PO4 
in 500 vc\ of DDW to which 10 ml of ION sulphuric acid as added and final volume was 
made up to 1000 ml with the help of DDW. From this stock solution different 
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concentration ranging from 0.1, 0.2, 0.3 1.0 ml was taken in 10 different test tubes 
(each marked by respective concentration). In each test tube 1 ml of molybdic acid and 
0.4 ml of l-amino-2-nepthol-4-sulphonic acid was added. After 5 minutes optical density 
was read at 625 nm on Spectronis-20 Spectrophotometer. A standard curve was prepared 
using different dilutions of KH2PO4 solution verses optical density. With the help of 
standard curve the content of phosphorus in terms of percentage on dry matter base was 
determined. 
iii) Estimation of potassium 
The potassium contents were estimated by Flamephotometer (Elico, Elico Ltd. 
Hyderabad, India). A 10 ml of peroxide digested material was taken to read potassium 
contents. A blank (DDW) was also set for the reference. For the standard curve, 1.91 g of 
KCl was diluted to 1 liter. The resulting solution was 10 ppm of K. From this stock 
solution 1, 2, 3 10 ml solution was transferred to different plastic vials, respectively. 
The solution in each vial was diluted up to 10 ml by DDW. The diluted solution of each 
vial runs separately. A blank (DDW) was also run with each set of determination. The 
readings were compared with the help of calibration curve plotted with the help of known 
dilutions of KCl solution. The potassium was expressed in terms of percentage on a dry 
weight bases. 
Observations 
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OBSERVATIONS 
In the present work, impact of 12 detergent cakes and 24 detergent powders 
commonly sold in the Indian market on the growth of selected duckweeds namely Lemna 
minor and Spirodela polyrrhiza have been studied. The growth responses of the selected 
duckweeds maintained in small plastic pots containing varying concentrations of all the 
selected detergents are given below. In both the weeds 3 general types of curve of 
absolute population growth curves were observed (as given below). 
Population growth curves 
Figure 4 shows three general types of absolute growth curves as type-A, type-B 
and type-C observed in the duckweed population treated with 36 selected detergents. 
Type-A curve shows a consistent increase in the population of the duckweed with 
increasing concentration of some detergents. The peak of population growth was recorded 
at 50 ppm level of detergent. Type-B growth curve shows an increase in the population up 
to 30 ppm and then a decline at higher concentration. In type-C growth curve there was 
an increase in the duckweed population at lower dose (10 ppm) of detergents and then the 
population size decreased with fiirther detergent concentration. 
The population growth response showing the curve type-A resembled with the 
growth curves of algal bloom in a medium where the environment is unlimited. The curve 
of the algal bloom is J-shaped (Kormondy, 1994). The population growth curve type-A is 
closer to positive linear line between the population and detergent concentration. The 
Lemna minor and Spirodela polyrrhiza treated with a large number of detergent cakes 
showed predominantly growth curve type-A followed by type-B. Only fewer detergent 
cakes showed type-C response. 
Respoose Type - A 
Growth peak at higher dose (50 ppm) 
Cake 
BiK^et 
DoctcH-
Fetia 
Mrma 
Plus 
Whed 
Re^onseof 
Lemna minor 
Powder 
Qeano 
Doctor 
Fena 
FrienJy Wadi 
I ^ k o 
Max Clean 
Plus 
Response of 
SfHraklapofynfuza 
Cake 
555 
Ghari 
I t ek ) 
Mor 
Plus 
Rin 
Whed 
Powder 
Qeano 
DoctOT 
hTmna 
MrmaSiqser 
Plus 
Plus Saving 
RinSipreme 
Time-Zee 
Detergent Concentration 
Response Type - B 
Growth peak at medum dose (30 ppm) 
Arid 
555 
I t ek) 
MOT 
Rin 
Arid 
Oiari 
Mor 
Mcrfi^ 
Mr. White 
Nirma 
Surf 
SurfExcd 
Whed 
Arid 
Doctor 
Nirma 
Fena 
GSiaii 
Henko 
MaxQean 
Mor 
M o r i ^ 
RinSrakti 
Surf 
SrufExcd 
Response Type - C 
Growth peak at lower dose (10 ppm) 
CMri 
1 1 1 1 
Oppm 10 ppm 30 ppm 50 ppm 
Double Dog 
Mrma Super 
Plus 
Hus Extra 
RinSiakti 
Rin Super 
Tide 
Time-Zee 
B u ( ^ 
Fena 
Arid 
DodjleDcg 
Friendy WaA 
Mr, White 
Plus Extra 
Tide 
Wheel 
Figure 4 shows three general types of absolute growth curves as type-A, type-B and type-C 
observed in the duckweed population treated with 36 selected detergents. 
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The Lemna minor treated with detergent powders showed predominantly type-B 
and type-C curve followed by type-A growth response as observed on treatment with only 
seven detergent powders. Treatment of Spirodela polyrrhiza with most of the detergent 
powders showed predominantly type-A and B curve. It is inferred from the growth curves 
that most of the detergents whether in the form of cake or powder promoted the 
population growth exponentially without any toxic effect up to 50 ppm concentration. 
Only few detergents showed toxicity to these two weeds at high concentration of 50 ppm 
(Figure 4). 
Impact of some selected detergents on Lemna minor 
a) Population growth 
The data on the population growth of Lemna minor treated in small plastic pots 
with varying doses of 12 common detergents sold in the form of cakes are summarized in 
table 9. Ten individuals of Lemna mmor were treated with varying concentrations of 
selected detergents for 10 days (Plate 4). The data were recorded at 3"*, 5* 7*^ , 9*^  and 11* 
day stage. 
Ariel is relatively newly launched detergent (sold in the form of cakes and 
powders). The 30 ppm of Ariel cake enhanced the population growth of Lemna minor to 
relatively higher degree as compared to 0 (control), 10 and 50 ppm. While the Budget 
detergent cake did not show any significant difference between 10 and 50 ppm. The 
population growth of Lemna minor increased with the growth stage in response to all 
levels of treatments with the Budget detergent cake. The detergent cake named after 
Doctor had a relatively lesser impact on the population growth of Lemna mmor. The 
Fena detergent cake enhanced the population growth of Lemna minor steadily with the 
Table 9. Population growth (in numbers) of Lemna minor treated in small plastic pots 
with varying doses of 12 selected detergent cakes. 
Detergent 
(Brand 
Name) 
Ariel 
Budget 
Doctor 
Fena 
Growth 
stages 
(Days) 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Control 
0 
12±0.8 
(+20%) 
15±1.6 
(+50%) 
18+1.6 
(+80%) 
20+2.5 
(100%) 
22+2.5 
(120%) 
12+ 
(+20%) 
15+ 
(+50%) 
18+ 
(+80%) 
20+ 
(100%) 
22+ 
(120%) 
12+ 
(+20%) 
15+ 
(+50%) 
18+ 
(+80%) 
20+ 
(100%) 
22+ 
(120%) 
12+ 
(+20%) 
15+ 
(+50%) 
18+ 
(+80%) 
20+ 
(100%) 
22+ 
(120%) 
Concentration (ppm) 
10 
14+0.8 
(+40%) 
18+2.5 
(+80%) 
22+1.6 
(120%) 
24 +2.5 
(140%) 
26 +2.5 
(160%) 
17+0.8 
(+70%) 
23+0,8 
(+130%) 
29+2.5 
(+190%) 
33+0.8 
(+230%) 
35+0.8 
(+250%) 
10+1.6 
(+0%) 
14+1.6 
(+40%) 
18+2.5 
(+80%) 
20+1.6 
(+100%) 
21+1.6 
(+110%) 
13+0.8 
(+30%) 
18+1.6 
(+80%) 
24+1.6 
(fl40%) 
27+0.8 
(+170%) 
28+1.6 
(+180%) 
30 
18+1.6 
(+80%) 
24+1.6 
(+140%) 
30+2.5 
(+260%) 
32 +2.5 
(+220%) 
34 +2.5 
(240%) 
15+1.6 
(+50%) 
21+1.6 
(+110%) 
25+2.5 
(+150%) 
29+0.8 
(+190%) 
31+0.8 
(+210%) 
12+0.8 
(+20%) 
16+1.6 
(+60%) 
20+1.6 
(+100%) 
22+0.8 
(+120%) 
24+2.5 
(+140%) 
14+2.5 
(+40%) 
21+1.6 
(+110%) 
26+0.8 
(+160%) 
31+1.6 
(+210%) 
32+1.6 
(+220%) 
50 
12 ±0.8 
(+20%) 
16+1.6 
(+60%) 
20 +2.5 
(100%) 
24 ±2.5 
(+140%) 
26 ±2.5 
(+160%) 
16+0.8 
(+60%) 
22+2.5 
(+120%) 
28+1.6 
(+180%) 
32+1.6 
(+220%) 
36+0.8 
(+260%) 
12+2.5 
(+20%) 
18+1.6 
(+80%) 
22+2.5 
(+120%) 
26+0.8 
(+160%) 
28+1.6 
(+180%) 
16+2.5 
(+60%) 
23+1.6 
(+130%) 
29+1.6 
(+190%) 
35+0.8 
(+250%) 
39+2.5 
(+290%) 
LSD at 
5% 
Treatment 
-0 .63 
Days 
= 0.70 
Interaction 
= 1.41 
Treatment 
= 0.55 
Days 
= 0.87 
Interaction 
= 1.23 
Treatment 
= 0.60 
Days 
= 0.95 
Interaction 
= 1.34 
Treatment 
= 0.60 
Days 
= 0.95 
Interaction 
= 1.34 
Response 
t>'pe 
(Figure 4) 
B 
A 
A 
A 
Continued ... 
Detergent 
(Brand 
Name) 
555 
Ghari 
Henko 
Mor 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
-^  
J (48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Control 
0 
12± 
(+20%) 
15± 
(+50%) 
18+ 
(+80%) 
20+ 
(100%) 
22+ 
(120%) 
12+ 
(+20%) 
15+ 
(+50%) 
18+ 
(+80%) 
20+ 
(100%) 
22+ 
(120%) 
12+ 
(+20%) 
15+ 
(+50%) 
18+ 
(+80%) 
20+ 
(100%) 
22+ 
(120%) 
12+ 
(+20%) 
15+ 
(+50%) 
18+ 
(+80%) 
20+ 
(100%) 
22+ 
(120%) 
Concentration (ppm) 
10 
13+0.8 
(+30%) 
17±1.6 
(+70%) 
23+1.6 
(+130%) 
27+2.5 
(+170%) 
29+2.5 
(+190%) 
13+0.8 
(+30%) 
20+1,6 
(+100%) 
26+1.6 
(+160%) 
32+0.8 
(+220%) 
36+1.6 
(+260%) 
17+1.6 
(+70%) 
23+1.6 
(+130%) 
29+2.5 
(+190%) 
33+1.6 
(+230%) 
35+2.5 
(+250%) 
12+0.8 
(+20%) 
17+2,5 
(+70%) 
20+2.5 
(+100%) 
22+0.8 
(+120%) 
24+1.63 
(+140%) 
30 
14+1.6 
(+40%) 
20+0.8 
(+100%) 
26+0.8 
(+160%) 
30+2.5 
(+200%) 
34+1.6 
(+240%) 
14+2.5 
(+40%) 
16+2.5 
(+60%) 
18+1.6 
(+80%) 
20+1.6 
(+100%) 
22+0.8 
(+120%) 
23+1.6 
(+130%) 
32+0.8 
(+220%) 
39+1.6 
(+290%) 
43+1.6 
(330%) 
48+0.8 
(+380%) 
12+0.8 
(+20%) 
18+1.6 
(+80%) 
22+1.6 
(+120%) 
26+2.5 
(+160%) 
30+0.8 
(+200%) 
50 
13+1.6 
(+30%) 
17+0.8 
(+70%) 
21+1.6 
(+110%) 
25+1.6 
(+150%) 
27+0.8 
(+170%) 
11+2.5 
(+10%) 
15+1.6 
(+50%) 
19+0.8 
(+90%) 
23+1.6 
(+130%) 
25+1.6 
(+150%) 
16+0.8 
(+60%) 
22+2.5 
(+120%) 
26+1.6 
(+160%) 
26+0.8 
(+160%) 
28+0.8 
(+180%) 
13+1.6 
(+30%) 
18+0.8 
(+80%) 
20+1.6 
(+100%) 
25+1.6 
(+150%) 
25+2.5 
(+150%) 
LSD at 
5% 
Treatment 
-0 .58 
Days 
= 0.92 
Interaction 
= 1.30 
Treatment 
= 0.65 
Days 
= 1.03 
Interaction 
= 1.50 
Treatment 
= 0.63 
Days 
= 1.00 
Interaction 
= 1.42 
Treatment 
= 0.57 
Days 
= 0.90 
Interaction 
= 1.27 
Response 
type 
(Figure 4) 
B 
C 
B 
r v 
D 
Continued 
Detergent 
(Brand 
Name) 
Nirma 
Plus 
Rin 
Wheel 
Growth 
stages 
(Days) 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
- > J 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Control 
0 
12± 
(+20%) 
15± 
(+50%) 
18± 
(+80%) 
20± 
(100%) 
22± 
(120%) 
12± 
(+20%) 
15± 
(+50%) 
18± 
(+80%) 
20± 
(100%) 
22+ 
(120%) 
12+ 
(+20%) 
15+ 
(+50%) 
18+ 
(+80%) 
20+ 
(100%) 
22± 
(120%) 
12+ 
(+20%) 
15+ 
(^50%) 
18+ 
(^80%) 
20± 
(100%) 
22± 
(120%) 
Concentration (ppm) 
10 
12+0.8 
(+20%) 
16±2.5 
(-1-60%) 
20+1.6 
(+100%) 
24+0.8 
(+140%) 
26+0.8 
(+160%) 
15+0.8 
(+50%) 
17+1.6 
(+70%) 
21+2.5 
(+110?/o) 
22+2.5 
(+120%) 
23+1.6 
(+130%) 
13+1.6 
(+30%) 
17+0.8 
(+70%) 
21+2.5 
(+110%) 
25+0.8 
(+150%) 
27+2.5 
(+170%) 
14+2.5 
(+40%) 
18+1.6 
(+80%) 
22+1.6 
(+120%) 
26+2.5 
(+160%) 
28+1.6 
(+180%) 
30 
12+1.6 
(+20%) 
16+0.8 
(+60%) 
20+1.6 
(+100%) 
22+0.8 
(+120%) 
24+1.6 
(+140%) 
14+1.6 
(+40%) 
16+0 8 
(+60%) 
20+1.6 
(+100%) 
22+2.5 
(+120%) 
24+1.6 
(+140%) 
15+1.6 
(+50%) 
21+1.6 
(+110%) 
25+2.5 
(+150%) 
27+1.6 
(+170%) 
29+0.8 
(+190%) 
17+1.6 
(+70%) 
23+0.8 
(+130%) 
29+2.5 
(+190%) 
31+0.8 
(+210%) 
33+2.5 
(+230%) 
50 
16+0.8 
(+60%) 
22+0.8 
(+120%) 
28+2.5 
(+180%) 
32+1.6 
(+220%) 
34+1.6 
(+240%) 
17+1.6 
(+70%) 
21+0.8 
(+110%) 
25+1.6 
(+150%) 
29+2.5 
(+190%) 
33+1.6 
(+230%) 
14+1.6 
(+40%) 
18+2.5 
(+80%) 
22+1.6 
(+120%) 
24+1.6 
(+140%) 
26+0.8 
(+160%) 
18+1.6 
(+80%) 
28+0.8 
(+180%) 
36+1.6 
(+260%) 
40+1.6 
(+300%) 
42+0.8 
(+320%) 
LSD at 
5% 
Treatment 
= 0.76 
Days 
= 1.20 
Interaction 
= 1.70 
Treatment 
= 0.59 
Days 
= 0.93 
Interaction 
= 1.31 
Treatment 
= 0.61 
Days 
= 0.96 
Interaction 
= 1.36 
Treatment 
= 1.34 
Days 
= 2.12 
Interaction 
= 3.00 
Response 
t>pe 
(Figure 4) 
A 
A 
B 
A 
Mean ± SD, within parenthesis-per cent variation over the population at day-1 stage 
with 10 individuals. 
Plate 4 shows the responses of Lemna minor to varying concentrations of 12 selected 
detergent cakes (out of 36 detergents) in single pot (out of 3 replicates). 
0 ppm 
10 ppm 
30 ppm 
50 ppm 
Ariel Budget Doctor Fena 555 Ghari 
0 ppm 
10 ppm 
30 ppm 
50 ppm 
Henko Mor Nirma Plus Rin Wheel 
Plate 4 
81 
increase in concentration level and growth stage. The 555 detergent cake had a relatively 
lesser degree of impact at early growth stages but enhance the population at 9*^  and 11* 
day growth stage (Table 9). All selected concentration levels of Ghari detergent cake 
promoted the population growth jfrom day-5 to day-11. The Henko detergent cake 
significantly enhanced the population of Lemna minor from day-3 to day-11 stage. The 
highest impact on population growth was recorded at 30 ppm of the detergent. The impact 
of Mor detergent cake was found almost negligible at all growth stages. The Lemna 
minor treated with Nirma detergent cake showed relatively greater impact on its 
population growth at higher concentration and relatively older stage (Table 9). The 
similar trend of response of population growth was recorded on treatment with Plus 
detergent cake. The maximum impact of Rin detergent cake was observed at 30 ppm 
concentration but the over all impact level of Rin detergent cake on the growth oi Lemna 
minor was relatively lesser than the responses of many other detergent cakes studied. The 
Wheel detergent cake had highest impact on the population of Lemna minor as compared 
to the other detergent cakes (Table 9). 
Table 10 comprises the data on population growth of Lemna minor treated in 
small plastic pots with varying doses of 24 selected detergent powders commonly 
prevalent in the market. 10 individuals of Lemna minor were treated with varying 
concentrations of selected detergent for 10 days (Plate 5 and 6). The data were recorded at 
3"*, 5"", 7^9*^ and 11 "^  stage. 
The statistical analysis of the data showed a 2 way response. The population 
showed a steady increase in all the treatments with (a) the increase in detergent 
concentration and (b) growth stage (in days) at each treatment level. The Lemna minor 
treated with Ariel a relatively recently introduced detergent powder showed maximum 
Table 10. Population growth (in numbers) of Lemna minor treated in small plastic 
pots with varying doses of 24 selected detergent powders. 
Detergent 
(Brand 
Name) 
Ariel 
Cleano 
Doctor 
Double 
Dog 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
n (240 hrs) 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
U 
(240 hrs) 
Control 
0 
14±1.6 
(+40%) 
17±1.6 
(+70%) 
20±2.5 
(+100%) 
22±1.6 
(120%) 
24i2.5 
(140%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24i:2.5 
(120%) 
Concentration (ppm) 
10 
13±0.8 
(+30%) 
19+0.8 
(+90%) 
22±2.5 
(+120%) 
27±1.6 
(+170%) 
31±2.5 
(+210%) 
13+1.6 
(+30%) 
17±1.6 
(+70%) 
23+0.8 
(+130%) 
27±2.5 
(+170%) 
29+2.5 
(+190%) 
11+1.6 
(+10%) 
15+0.8 
(+50%) 
17+0.8 
(+70%) 
19+1.6 
(+90%) 
21+2.5 
(+110%) 
20+2.5 
(+100%) 
28+0.8 
(+180%) 
36+0.8 
(+260%) 
42+1.6 
(+320%) 
48+2.5 
(+380%) 
30 
16+0.8 
(+60%) 
24+1.6 
(+140%) 
30+1.6 
(+200%) 
36+2.5 
(+260%) 
40+2.5 
(+300%) 
13+1.6 
(+30%) 
17+1.6 
(+70%) 
21+2.5 
(+110%) 
25+1.6 
(+150%) 
27+1.6 
(+170%) 
14+1.6 
(+40%) 
18+2.5 
(+80%) 
22+1.6 
(+120%) 
24+1.6 
(+140%) 
26+0.8 
(+160%) 
. 18+0.8 
(+80%) 
24+1.6 
(140%) 
30+1.6 
(+200%) 
34+0.8 
(+240%) 
36+1.6 
(260%) 
50 
13+1.6 
(+30%) 
18+0.8 
(+80%) 
25+1.6 
(+150%) 
27+1.6 
(+170%) 
28+0.8 
(+180%) 
14+1.6 
(+40%) 
20+1.6 
(+100%) 
26+2.5 
(+160%) 
30+0.8 
(+200%) 
34+0.8 
(+240%) 
15+1.6 
(+50%) 
21+0.8 
(+110%) 
25+2.5 
(+150%) 
27+0.8 
(+170%) 
29+0.8 
(+190%) 
15+1.6 
(+50%) 
22+3.3 
(+120%) 
26+1.6 
(+160%) 
30+1.6 
(+200%) 
32+2.5 
(+220%) 
LSD at 
5% 
Treatment 
= 0.63 
Days 
-0 .99 
Interaction 
= 1.4J 
Treatment 
= 0.59 
Days 
= 0.93 
Interaction 
= 1.31 
Treatment 
= 0.77 
Days 
= 1.21 
Interaction 
= 1.72 
Treatment 
= 0.59 
Days 
= 0.93 
Interaction 
= 1.31 
Response 
type 
(Figure 4) 
B 
A 
A 
C 
Continued... 
Detergent 
(Brand 
Name) 
Fena 
Friendly 
wash 
Ghari 
Henko 
Growth 
stages 
(Days) 
'^  
J (48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
n (240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
n (240 hrs) 
Control 
0 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
Concentration (ppm) 
10 
12±2.5 
(+20%) 
16±0.8 
(+60%) 
20±1.6 
(+100%) 
24±1.6 
(+140%) 
26±0.8 
(+160%) 
17±1.6 
(+70%) 
23±2.5 
(+130%) 
27±1.6 
(+170%) 
27±1.6 
(+170%) 
29±0.8 
(+190%) 
14±0.8 
(+40%) 
18±1.6 
(+80%) 
22±1.6 
(+120%) 
24±2.5 
(+140%) 
26±0.8 
(+160%) 
14±1.6 
(+40%) 
20±0.8 
(+100%) 
24±0.8 
(+140%) 
26±2.5 
(+160%) 
28±1.6 
(+180%) 
30 
14±0.8 
(+40%) 
20±1.6 
(+100%) 
24+0.8 
(+140%) 
28±0.8 
(+180%) 
30±2.5 
(+200%) 
18±0.8 
(+80%) 
24+1.6 
(+140%) 
30+1.6 
(+200%) 
33±2.5 
(+230%) 
36+0.8 
(+260%) 
14+1.6 
(+40%) 
20+0.8 
(+100%) 
26+0.8 
(+160%) 
28+0.8 
(+180%) 
30+1.6 
(+200%) 
19+1.6 
(+90%) 
25+2.5 
(+150%) 
31+2.5 
(+210%) 
35+1.6 
(+250%) 
37+2.5 
(+270%) 
50 
18+1.6 
(+80%) 
24+0.8 
(+140%) 
30+2.5 
(+200%) 
36+2.5 
(+260%) 
40+1.6 
(+300%) 
24+2.5 
(+140%) 
33+2.5 
(+230%) 
40+1.6 
(+300%) 
44+0.8 
(+340%) 
49+2.5 
(+390%) 
12+1.6 
(+20%) 
18+2.5 
(+80%) 
22+0.8 
(+120%) 
26+2.5 
(+160%) 
30+2.5 
(+200%) 
21+0.8 
(+110%) 
29+0.8 
(+190%) 
37+1.6 
(+270%) 
43+2.5 
(+330%) 
47+0.8 
(+370%) 
LSD at 
5% 
Treatment 
= 0.54 
Days 
= 0.85 
Interaction 
= 1.20 
Treatment 
= 0.70 
Days 
= 1.10 
Interaction 
= 1.56 
Treatment 
= 0.75 
Days 
= 1.19 
Interaction 
= 1.69 
Treatment 
= 0.64 
Days 
= 1.01 
Interaction 
= 1.43 
Response 
type 
(Figure 4) 
A 
A 
B 
A 
Continued 
Detergent 
(Brand 
Name) 
Max 
Clean 
Mor 
Morlight 
Mr. White 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(U4his) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Control 
0 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
Concentration (ppm) 
10 
13+1.6 
(+30%) 
19+1.6 
(+90%) 
22+2.5 
(+120%) 
27±0.8 
(+170%) 
31+0.8 
(+210%) 
15+1.6 
(+50%) 
21+1.6 
(+110%) 
27+2.5 
(+170%) 
31+2.5 
(+210%) 
35+0.8 
(+250%) 
14+2.5 
(+40%) 
20+1.6 
(+100%) 
24+0.8 
(+\40%) 
28+1.6 
(+180%) 
28+1.6 
(+180%) 
12+2.5 
(+20%) 
16+1.6 
(+60%) 
20+1.6 
(+100%) 
24+2.5 
(+140%) 
26+0.8 
(+160%) 
30 
13+1.6 
(+30%) 
18+1.6 
(+80%) 
25+0.8 
(+150%) 
27+1.6 
(+170%) 
28+1.6 
(+180%) 
17+0.8 
(+70%) 
23+1.6 
(+130%) 
29+2.5 
(+190%) 
33+0.8 
(+230%) 
37+2.5 
(+270%) 
16+1.6 
(+60%) 
22+2.5 
(+120%) 
28+0.8 
(+180%) 
34+0.8 
(+240%) 
36+1.6 
(+260%) 
19+1.6 
(+90%) 
25+2.5 
(+150%) 
31+0.8 
(+210%) 
37+1.6 
(+270%) 
41+1.6 
(+310%) 
50 
15+0.8 
(+50%) 
23+1.6 
(+130%) 
29+2.5 
(+190%) 
35+1.6 
(+250%) 
39+0.8 
(+290%) 
15+1.6 
(+50%) 
19+2.5 
(+90%) 
23+2.5 
(+130%) 
27+1.6 
(+170%) 
28+0.8 
(+180%) 
14+1.6 
(+40%) 
20+1.6 
(+100%) 
22+0.8 
(+120%) 
24+1.6 
(+140%) 
26+1.6 
(+160%) 
15+1.6 
(+50%) 
21+0.8 
(+110%) 
25+2.5 
(+150%) 
29+1.6 
(+190%) 
31+2.5 
(+210%) 
LSD at 
5% j 
Treatment 
= 0.61 
Days 
= 0.96 
Mtsactooa 
= 1.36 
Treatment 
= 0.57 
Days 
= 0.90 
Interaction 
= 1.27 
Treatment 
= 0.54 
Days 
= 0.85 
Interaction 
= 1.20 
Treatment 
= 0.60 
Days 
= 0.95 
Interaction 
= 1.34 
Response 
type 
(Figure 4) 
A 
B 
B 
B 
1 
Continued 
Detergent 
(Brand 
Name) 
Nirma 
"Ninna 
(Super) 
*(Super 
Nirma) 
Plus 
Plus 
(Extra) 
•(Extra 
plus) 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
n (240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
II 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Control 
0 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22+1.6 
(100%) 
24+2.5 
(120%) 
14+1.6 
(+20%) 
17+1.6 
(+50%) 
20±2.5 
(+80%) 
22+1.6 
(100%) 
24+2.5 
(120%) 
14+1.6 
(+20%) 
17+1.6 
(+50%) 
20+2.5 
(+80%) 
22+1.6 
(100%) 
24+2.5 
(120%) 
Concentration (ppm) 
10 
13+1.6 
(+30%) 
18+0.8 
(+80%) 
25+2.5 
(+150%) 
27+2.5 
(+170%) 
28+1.6 
(+180%) 
20+1.6 
(+100%) 
28+2.5 
(+180%) 
36+0.8 
(+260%) 
42+1.6 
(+320%) 
48+0.5 
(+380%) 
15+1.6 
(+50%) 
23+1.6 
(+130%) 
29+2.5 
(+190%) 
33+0.8 
(+230%) 
35+2.5 
(+250%) 
20+1.6 
(+100%) 
28+1.6 
(+180%) 
36+0.8 
(+260%) 
42+1.6 
(+320%) 
48+2.5 
(+380%) 
30 
16+0.8 
(+60%) 
24+2.5 
(+140%) 
30+2.5 
(+200%) 
36+0.8 
(+260%) 
40+2.5 
(+300%) 
19+0.8 
(+90%) 
25+1.6 
(+150%) 
31+1.6 
(+210%) 
35+0.8 
(+250%) 
37+2.5 
(+270%) 
14+0.8 
(+40%) 
20+1.6 
(+100%) 
25+2.5 
(+150%) 
28+2.5 
(+180%) 
30+0.8 
(+200%) 
17+0.8 
(+70%) 
23+0.8 
(+130%) 
29+2.5 
(+190%) 
33+1.6 
(+230%) 
35+1.6 
(+250%) 
50 
14+1.6 
(+40%) 
18+0.8 
(+80%) 
21+0.8 
(+110%) 
26+2.5 
(+160%) 
28+1.6 
(+180%) 
16+1.6 
(+60%) 
22+2.5 
(+120%) 
26+2.5 
(+160%) 
30+1.6 
(+200%) 
32+1.6 
(+220%) 
15+0.8 
(+50%) 
18+2.5 
(+80%) 
22+0.8 
(+120%) 
24+1.6 
(+140%) 
26+2.5 
(+160%) 
16+1.6 
(+60%) 
22+0.8 
(+120%) 
26+2.5 
(+160%) 
30+1.6 
(+200%) 
32±0.8 
(+220%) 
LSD at 
5% 
Treatment 
= 0.61 
Days 
= 0.96 
InteiacUon 
= ).36 
Treatment 
= 1.13 
Days 
= 1.79 
Interaction 
= 2.53 
Treatment 
= 0.58 
Days 
= 0.91 
Interaction 
= 1.30 
Treatment 
= 0.56 
Days 
= 0.89 
Interaction 
= 1.25 
Response 
t^'pe 
(Figure 4) 
B 
C 
C 
C 
Continued 
Detergent 
(Brand 
Name) 
Plus 
(saving) 
*(Saving 
Plus) 
Rin Shakti 
Rin Super 
Surf 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Control 
0 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24±2.5 
(120%) 
14+1.6 
(+20%) 
17+1.6 
(+50%) 
20±2.5 
(+80%) 
22±1.6 
(100%) 
24+2.5 
(120%) 
Concentration (ppm) 
10 
14±0.8 
(+40%) 
20+0.8 
(+100%) 
24+2.5 
(+140%) 
26+1.6 
(+160%) 
28+0.8 
(+180%) 
16+1.6 
(+60%) 
22+2.5 
(+120%) 
28+1.6 
(+180%) 
32+1.6 
(+220%) 
36+0.8 
(+260%) 
21+0.8 
(+110%) 
29+2.5 
(+190%) 
37+2.5 
(+270%) 
43+0.8 
(+330%) 
49+1.6 
(+390%) 
14+2.5 
(+40%) 
18+2.5 
(+80%) 
22+1.6 
(+120%) 
26+1.6 
(+160%) 
30+0.8 
(+200%) 
30 
19+0.8 
(+90%) 
27+1.6 
(+170%) 
33+1.6 
(+230%) 
37+0.8 
(+270%) 
39+0.8 
(+290%) 
17+0.8 
(+70%) 
23+0.8 
(+130%) 
32+2.5 
(+220%) 
32+1.6 
(+220%) 
35+2.5 
(+250%) 
17+0.8 
(+70%) 
25+0.8 
(+150%) 
31+1.6 
(+210%) 
35+2.5 
(+250%) 
37+1.6 
(+270%) 
19+1.6 
(+90%) 
25+1.6 
(+150%) 
31+2.5 
(+210%) 
37+2.5 
(+270%) 
41+0.8 
(+310%) 
50 
21+0.8 
(+110%) 
29+0.8 
(+190%) 
37+1.6 
(+270%) 
43+08 
(+330%) 
47+2.5 
(+370%) 
13+0.8 
(+30%) 
19+1.6 
(+90%) 
23+1.6 
(+130%) 
27+1.6 
(+170%) 
29+2.5 
(+190%) 
12+0.8 
(+20%) 
18+2.5 
(+80%) 
22+1.6 
(+120%) 
24+1.6 
(140%) 
26+2.5 
(+160%) 
14+1.6 
(+40%) 
20+1.6 
(+100%) 
24+0.8 
(+140%) 
28+2.5 
(+180%) 
30+2.5 
(+200%) 
LSD at 
5% 
Treatment 
= 0.58 
Days 
= 0.92 
Inteiactacvn 
= J.30 
Treatment 
= 0.55 
Days 
= 0.87 
Interaction 
= 1.23 
Treatment 
= 0.64 
Days 
= 1.Q\ 
Interaction 
= 1.43 
Treatment 
= 0.73 
Days 
= 1.15 
Interaction 
= 1.63 
Response 
type 
(Figure 4) 
A 
C 
C 
B 
Continued ... 
Detergent 
(Brand 
Name) 
Surf Excel 
Tide 
Time-Zee 
Wheel 
Growth 
stages 
(Days) 
*> 
J (48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
n (240 hrs) 
J 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 lirs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Control 
0 
14±1.6 
(+20%) 
17±1.6 
(+50%) 
20+2.5 
(+80%) 
22±1.6 
(100%) 
24+2.5 
(120%) 
14+1.6 
(+20%) 
17+1.6 
(+50%) 
20+2.5 
(+80%) 
22+1.6 
(100%) 
24+2.5 
(120%) 
14+1.6 
(+20%) 
17+1.6 
(+50%) 
20+2.5 
(+80%) 
22+1.6 
(100%) 
24+2.5 
(120%) 
14+1.6 
(+20%) 
17+1.6 
(+50%) 
20+2.5 
(+80%) 
22+1.6 
(100%) 
24+2.5 
(120%) 
Concentration (ppm) 
10 
18+1.6 
(+80%) 
24+0.8 
(+140%) 
30+2.5 
(+200%) 
34+1.6 
(+240%) 
36+1.6 
(+260%) 
20+2.5 
(+100%) 
26+0.8 
(+160%) 
32+0.8 
(+220%) 
38+1.6 
(+280%) 
42+2.5 
(+320%) 
19+0.8 
(+90%) 
27+2.5 
(+170%) 
35+2.5 
(+250%) 
41+1.6 
(+310%) 
45+0.8 
(+350%) 
12+0.8 
(+20%) 
18+2.5 
(+80%) 
24+2.5 
(+140%) 
28+2.5 
(+180%) 
30+2.5 
(+200%) 
30 
25+0.8 
(+150%) 
34+2.5 
(+240%) 
41+1.6 
(+310%) 
45+1.6 
(+350%) 
50+0.8 
(+400%) 
14+1.6 
(+40%) 
20+0.8 
(+100%) 
24+0.8 
(+140%) 
28+2.5 
(+180%) 
30+2.5 
(+200%) 
17+0.8 
(+70%) 
25+1.6 
(+150%) 
31+0.8 
(+210%) 
35+0.8 
(+250%) 
37+1.6 
(+270%) 
14+1.6 
(+40%) 
21+2.5 
(+110%) 
26+2.5 
(160%) 
31+2.5 
(+210%) 
32+2.5 
(+220%) 
50 
17+1.6 
(+70%) 
23+0.8 
(+130%) 
27+0.8 
(+170%) 
28+2.5 
(+180%) 
29+0.8 
(+190%) 
15+1.6 
(+50%) 
19+0.8 
(+90%) 
23+0.8 
(+130%) 
27+2.5 
(+170%) 
31+0.8 
(+210%) 
17+1.6 
(+70%) 
23+2.5 
(+130%) 
2^0.8 
(+190%) 
33+0.8 
(+230%) 
35+1.6 
(+250%) 
13+1.6 
(+30%) 
18+2.5 
(+80%) 
24+2.5 
(+140%) 
27+2.5 
(+170%) 
28+2.5 
(+180%) 
LSD at 
5% 
Treatment 
= 0.56 
Days 
= 0.89 
Inteiaction 
= J.25 
Treatment 
= 0.58 
Days 
= 0.92 
Interaction 
= 1.30 
Treatment 
= 0.61 
Days 
= 0.% 
Interaction 
= 1.36 
Treatment 
= 0.59 
Days 
= 0.93 
Interaction 
= 1.31 
Response 
type 
(Figure 4) 
B 
C 
C 
B 
Mean ± SD, within parenthesis-per cent variation (in rounded figures) over the 
population at day-1 stage having 10 individuals. 
* Actual brand name 
(sajBoiidaj fjojno) 
jod 3|Suis ui (sjuagjajap g£jo JBIOJ puB sjapMod juaSjajap fZi^ l"o) sjapMod jnaSja^ap 
pai^aps zx JO suoTjBjjuaDUOo SUIXJBA OJ ^OM/Z// VUW3J JO sasuodsaj aqj SAvoqs s ajBU 
Ariel Cleano Doctor Double 
Dog 
Fena 
0 ppm 
10 ppm 
30 ppm 
50 ppm 
Friendly 
Wash 
0 ppm 
10 ppm 
30 ppm 
50 ppm 
Ghari Henko Max Mor Mor Mr. 
Clean Light White 
Plate 5 
Plate 6 shows the responses of Lemna minor to varying concentrations of 12 selected 
detergent powders (out of 24 detergent powders and total of 36 detergents) in single pot 
(out of 3 replicates). 
0 ppm 
10 ppm 
30 ppm 
50 ppm 
Nirma Nirma 
Super 
Plus Plus Plus Rin 
Extra Saving Shakti 
0 ppm 
10 ppm 
30 ppm 
50 ppm 
Surf 
Excel 
Time-Zee Wheel 
Plate 6 
82 
population growth at 30 ppm concentration. The growth of Lemna minor in response to 
30 ppm of Ariel detergent was almost two times higher from day-5 to day-11 stage as 
compared to the population growth in control (Table 10). The detergent with brand name 
Cleano had a significant impact on population growth o^Lemna minor. 
The impact of a relatively less popular detergent Doctor on Lemna minor was far 
lesser than the impact of Ariel. The effect of the Doctor detergent was directly related 
with the concentration level. The population of Lemna minor increased with the 
concentration level and with the growth stages. The detergent known with brand name 
Double Dog enhanced the population growth of Lemna minor to a greater degree as 
compared to the response of many other detergents under study. The highest response of 
papulation growth was recorded with 10 ppm of Double Dog detergent as compared to 30 
and 50 ppm level. 
The Fena detergent powder had a significantly greater impact on the population 
growth of Lemna minor. The growth promoting impact of Fena detergent increased with 
the concentration level and growth stage (Table 10). While the Friendly Wash detergent 
powder enhanced the population at higher concentration only. There was a steady 
increase in population with the concentration at all five growth stages. All selected doses 
of the Ghari detergent powder had relatively lesser impact on population growth of 
Lemna minor. The Henko detergent powder followed the trend of response almost similar 
to Friendly Wash. The Maxclean detergent showed higher degree of impact on 
population growth. The impact of Maxclean detergent increased with increase in 
concentration level (Table 10). 
The highest population of Lemna minor was recorded at 30 ppm of Mor 
detergent. The Morlight detergent powder had a relatively lesser impact on population 
83 
growth of Lemna minor. The Lemna minor showed almost similar pattern and degree of 
response on treatment with Mr. White and Nirma detergent powder. The highest 
population was recorded at 30 ppm of Mr. White and Nirma detergent. While another 
brand of Nirma the Nirma Super had a greater degree of impact only at early growth 
stage as compared to the Nirma. The impact of Nirma Super detergent was higher at 
lower concentration. 
The three brands of Plus (Plus, Extra Plus and Saving Plus) had varying impacts 
on the population growth of Lemna minor. A cursory glance of data of these three 
detergents showed that the Extra Plus and Saving Plus brands had a relatively greater 
impact on population growth than Plus. The two products of Rin namely Rin Shakti and 
Rin Supreme had a greater degree of impact at 10 ppm concentration. The impact of Rin 
Supreme on the population of Lemna minor was greater than Rin Shakti detergent 
powder. The population growth consistently decreased with increase in concentratim 
level of these two brands (Table 10). 
One of the most commonly prevalent detergent powders in the market is Surf 
and its new superior product Surf Excel. Of these two brands of Surf the Surf had a lesser 
impact on population growth of Lemna minor as compared to its new and superior brand 
Surf Excel. The 30 ppm concentration of both the brands of Surf caused maximum 
enhancement of population as compared to 10 and 50 ppm. Tide is another detergent of 
recent origin. The impact of Tide on the population of Lemna minor was higher at 10 ppm 
concentration. The response of the population growth of Lemna minor to the detergent 
Time-Zee matched with the response of Tide detergent. The Wheel detergent had a 
relatively lesser degree of impact on the population oi Lemna minor as compared to many 
other detergents (Table 10). 
84 
b) Dry weight 
Table 11 comprises the data on dry weight of Lemna minor treated in small plastic 
pots with varying concentrations of 12 common detergents sold in the form of cakes. Dry 
weight per gram of fresh plant (Lemna minor) significantly increased on treatments with 
10 and 30 ppm of detergent as compared to the control (0 ppm). The dry weight 
accumulation was relatively lower at 50 ppm of all the 12 selected detergent cakes. The 
impact of treatment with Ariel detergent on dry weight of Lemna minor increased with 
concentration up to 30 ppm. The 30 ppm of Henko, Nirma, Rin and Wheel detergent 
cakes also significantly enhance the dry weight of Lemna minor. The accumulation of dry 
weight was relatively lower in Lemna species treated with 50 ppm of these detergents. 
The impact of Budget, Doctor, Fena, 555, Ghari, Mor and Plus detergent cakes was far 
lesser in comparison to the other detergents cakes studied (Table 11). 
Table 12 summarises the data on dry weight accumulation of Lemna minor treated 
with 3 varying doses of 24 selected detergent powders. The impact of detergent powders 
on dry weight of Lemna minor was relatively higher than the detergent cakes. Among few 
common brands of detergents like Ariel, Double Dog, Fena, Friendly Wash, Ghari 
Henko, Mr. White, Nirma, Rin Supreme, Surf, Surf Excel, Tide and Wheel, the impact of 
Surf and its new brand Surf Excel on the dry weight of Lemna minor was relatively 
higher than the other detergent powders under study. The dry weight accumulation 
significantly increased in Lemna minor on treatment with 30 ppm of Surf and its new 
brand Surf Excel. The other detergents like Doctor, Mor, Nirma Super, Plus and its new 
brand Extra Plus and Rin Shakti had a relatively lesser degree of impact on the dry weight 
of Lemna minor. The impact of varying concentrations of less popular detergents like 
Cleano, Morlight, Saving Plus and Time-Zee on the dry weight of Lemna minor was 
Table 11. Dry weight (mg g"' of fresh weight) ofLemna minor treated in small plastic 
pots with varying doses of 12 selected detergent cakes. 
Detergent 
(Brand Name) 
Ariel 
Budget 
Doctor 
Fena 
555 
Ghari 
Henko 
Mor 
Niima 
Plus 
Rin 
Wheel 
Control 
0 
1I3.54±1.04 
I13.54±l.04 
113.54±1.04 
113.54±1.04 
113.54il.04 
113.54±1.04 
113.54±1.04 
I13.54±1.04 
U3.54±1.04 
113.54±1.04 
113.54±1.04 
113.54±1.04 
Concentration (ppm) 
10 
n4.62±1.0 
(+0.95''b) 
114.98±1.90 
(+1.27%) 
115.69±1.06 
(+1.89%) 
117.79±1.72 
(+3.74%) 
114.90±1.05 
(+1.20%) 
115.31±1.54 
(+1.56%) 
113.89±1.10 
(+0.31%) 
115.01±1.08 
(+1.29%) 
116.12±1.13 
(+2.27%) 
116.56±0.60 
(+2.66%) 
115.68±1.57 
(+6.52%) 
U4.80±0.96 
(+1.11%) 
30 
1I8.67±1.37 
(+4.52%) 
116.49+1.72 
(+2.60%) 
117.75±1.53 
(+3.71%) 
1I3.69±0.62 
(+0.13%) 
115.52±1.45 
(+1.74%) 
115.21±1.26 
(+1.47%) 
119.77±1.57 
(+5.49%) 
115.87±0.73 
(+2.05%) 
120.43±1.22 
(+6.07%) 
115.37±1.31 
(+1.61%) 
120.94±1.06 
(+1.88%) 
122.19±1.10 
(+7.62%) 
50 
\\6.27±IA0 
(+2.40%) 
115.46+1.20 
(+1.69%) 
I!6.08±l.2 
(+2.24%) 
1I4.33±1.31 
(0.70%) 
113.84±1.46 
(+0.26%) 
U4.75±0.96 
(+1.07%) 
I15.44i0.91 
(+1.67%) 
114.51±1.33 
(+0.85%) 
115.40±0.73 
(+1.64%) 
113.%±1.27 
(+0.37%) 
115.21±1.32 
(+1.47%) 
117.09±1.04 
(+3.12%) 
LSD at 
5% 
1% 
0.86 
\.30 
1.60 
2.43 
0.58 
0.88 
2.51 
3.81 
TslS 
NS 
0.66 
1.00 
0.71 
1.08 
NS 
NS 
0.53 
0.80 
0.81 
1.22 
0.71 
1 1.08 
1 0.15 
1 0.23 
Mean ± SD, within parenthesis-per cent variation over the control. 
Table 12. Dry we 
pots with 
ight (mg g' of fresh weight) of Lemna minor treated in small plastic 
varying doses of some common detergent powders. 
Detergent 
(Brand Name) Control 
Concentration (ppm) 
0 10 30 50 
LSD at 
5% 
1% 
Ariel 
Cleano 
Doctor 
Double Dog 
Fena 
Friendly wash 
Ghari 
Henko 
Max Clean 
Mor 
Mor light 
Mr. white 
113.35±1.40 
113.35±1.40 
113.35±1.40 
U3.35±l.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
118.32±1.49 
(+4.74%) 
114.20±1.34 
(+0.75%) 
114.36±1.33 
(+0.89%) 
122.26±1.25 
(+7.86%) 
]16.35±1.41 
(+2.65%) 
119.50±0.87 
(+5.43%) 
113.40±1.44 
(+0.04%) 
116.75±1.17 
(+2.30%) 
1I3.87±1.17 
(+0.46%) 
114.52±1.36 
(+1.03%) 
113.47±1.40 
(-0.2%) 
121.73±1.04 
(+7.39%) 
123.80±1.03 
(+9.22%) 
114.71±l.ll 
(+1.20%) 
115.29±1.10 
(+1.72%) 
116.50±1.12 
(+2.78%) 
119.45i:0.91 
(+5.38%) 
114.75±1.16 
(+1.24%) 
119.82±1.40 
(+5.71%) 
122.75±1.79 
(+8.29%) 
116.23±1.21 
(+2.54%) 
117.44±1.87 
(+3.61%) 
115.01±1.09 
(+1.47%) 
117.35±0.93 
(+3.53%) 
118.34± 1.22 
(+4.40%) 
115.45+1.31 
(+1.85%) 
116.22±1.30 
(+2.54%) 
117.22±1.13 
(+3.41%) 
116.13±1.05 
(+2.45%) 
125.3UI.66 
(+10.55%) 
U4.95±l.36 
(+1.41%) 
118.96±1.26 
(+4.95%) 
116.71±0.94 
(+2.96%) 
116.83±1.11 
(+3.07%) 
114.7I±I.I3 
(+1.20%) 
US.10±1.12 
(+1.54%) 
0.50 
0.76 
NS 
NS 
0.31 
0.47 
0.32 
0.48 
0.62 
0.94 
0.84 
1.27 
1.15 
J.74 
0.67 
1.02 
0.46 
0.70 
0.33 
0.50 
NS 
0.49 
0.74 
Continued .. 
Detergent 
(Brand Name) Control 
Concentration (ppm) 
10 30 50 
LSD at 
5% 
1% 
Nirma 
Nirma (Super) 
*(Super Niram 
Plus 
Plus (Extra) 
*(Extra Plus) 
Plus (saving) 
*(Savmg Plus) 
RinShakti 
Rin Supreme 
Surf 
Surf Excel 
Tide 
Time-Zee 
Wheel 
n3.35±1.40 
113.35*1.40 
H3.35±1.40 
113.35±1.40 
1I3.35±1.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
113.35±1.40 
115.22±0.42 
(+1.65%) 
120.52±0.73 
(+6.33%) 
116.73±1.08 
(+2.98%) 
1I5.88±1.05 
(+2.23%) 
114.94±1.03 
(+1.40%) 
U6.42±1.58 
(+2.69%) 
125.32±1.27 
(+10.96%) 
117.16±1.24 
(+3.36%) 
119.81±1.I2 
(+5.70%) 
121.07±1.16 
(+6.81%) 
H7.09i:1.01 
(+3.30%) 
I15.52±1.47 
(+1.91%) 
120.82±1.17 
(+6.59%) 
113.87±0.90 
(+0.46%) 
115.58±0.98 
(+1.97%) 
117.16±1.I3 
(+3.36%) 
119.76±1.13 
(+5.66%) 
115.70±l.i3 
(+2.07%) 
118.90±1.I2 
(+4.90%) 
126.37±1.29 
(+11.49%) 
126.43±1.20 
(+11.54%) 
116.08±1.07 
(+2.41%) 
114.56±1.09 
(+1.07%) 
I21.82±0.89 
(+7.47%) 
n5.00±\.9\ 
(+1.46%) 
115.03±0.99 
(+1.48%) 
113.49±1.28 
(+0.12%) 
H5.59±1.04 
(+1.98%) 
II7.00±0.85 
(+3.31%) 
(+0.20%) 
U6.4S±1.05 
(+2.76%) 
114.25±1.59 
(+0.8%) 
115.06±0.96 
(+1.51%) 
113.76±1.17 
(+0.37%) 
114.94±1.33 
(+1.41%) 
113.58±0.96 
(+0.20%) 
\.03 
1.56 
0.69 
1.04 
0.46 
0.70 
0.41 
0.62 
NS 
NS 
0.93 
1.40 
0.38 
0.57 
0.90 
1.36 
0.45 
0.68 
1.33 
2.01 
NS 
NS 
0.73 
i.VO 
Mean ± SD, with in parenthesis-per cent variation over the control. 
* Actual brand name 
85 
statistically non significant (Table 12). 
Impact of some selected detergents on Spirodela polyrrhiza 
a) Population growth. 
Table 13 comprises the data on population growth of Spirodela polyrrhiza treated 
in small plastic pots with varying doses of 12 selected detergent cakes (Plate 7). The most 
significant impact on population of Spirodela polyrrhiza was found on treatment with 
Ariel detergent cake. The population growth of Spirodela polyrrhiza increased with 
growth stage in all treatments with Ariel detergent cake. The greater impact of Ariel 
detergent cake was recorded at 30 ppm concentration. The growth promoting impact of 
Budget detergent cake on the population growth of Spirodela polyrrhiza was far lesser 
than the rest of the ctetergent cakes studied. On treatment with Doctor detergent cake, a 
lag phase of the population growth of Spirodela polyrrhiza was noted at day-3 stage. The 
30 ppm of Doctor detergent had maximum growth promoting impact on population. 
Lower doses (10 ppm) of Fena detergent cake had greater impact on population growth 
of Spirodela polyrrhiza. The high concentration (50 ppm) of 555 and Ghari detergent 
c£^e had greater impact on the population growth (Table 13).The 50 ppm of Henko 
detergent cake increased the population of Spirodela polyrrhiza to a noticeable extent. 
Similar response was recorded on treatment with Ariel detergent cake. The growth 
enhancing effects by Mor, Rin and Wheel detergent cake were almost of same level but 
far lesser than the effect of Ariel and Henko detergent cakes. The Nirma and Plus 
detergent cake did not increase the population growth of Spirodela polyrrhiza to the level 
of Ariel and Henko (Table 13). 
Table 14 summarizes the data on the population growth of Spirodela polyrrhiza 
Table 13. Population growth (in numbers) of Spirodelapolyrrhiza treated in small 
plastic pots with varying doses of 12 selected detergent cakes. 
Detergent 
(Brand 
Name) 
Ariel 
Budget 
Doctor 
T 7 „ _ _ 
rena 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
U 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
U 
(240 hrs) 
Control 
0 
6±0.8 
(+20%) 
8±0.8 
(+60%) 
10±0.8 
(+100%) 
12il.6 
(+140%) 
13±1.6 
(+160%) 
6±0.8 
(+20%) 
8±0.8 
(+60%) 
10±0.8 
(+100%) 
12±1.6 
(+140%) 
13±1.6 
(+160%) 
6±0.8 
(+20%) 
8±0.8 
(+60%) 
I0±0.8 
(+100%) 
12±1.6 
(+140%) 
13±1.6 
(+160%) 
6±0.8 
(+20%) 
8±0.8 
(+60%) 
10±0.8 
(+100%) 
12±1.6 
(+140%) 
13±1.6 
(+160%) 
Concentration (ppm) 
10 
8±1.6 
(+60%) 
11+1.6 
(+120%) 
13+0.8 
(160%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
7+1.6 
(+40%) 
10+1.6 
(+100%) 
11+0.8 
(+120%) 
13+1.6 
(+160%) 
14+0.8 
(+180%) 
6+0.8 
(+20%) 
9+0.8 
(+80%) 
11+0.8 
(+120%) 
13+1.6 
(+160%) 
14+1.6 
(+180%) 
9+0.8 
(+80%) 
12+1.6 
(+140%) 
15+1.6 
(+200%) 
16+2.5 
(+220%) 
17+1.6 
(+240%) 
30 
10+0.8 
(+100%) 
14+2.5 
(+180%) 
17+1.6 
(+240%) 
19+0.8 
(+280%) 
21+2.5 
(+320%) 
7+0.8 
(+40%) 
9+0.8 
(+80%) 
11+0.8 
(+120%) 
12+1.6 
(+140%) 
13+1.6 
(+160%) 
6+0.8 
(+20%) 
10+0.8 
(+100%) 
13+1.6 
(+160%) 
15+2.5 
(+200%) 
16+1.6 
(+220%) 
7+0.8 
(+40%) 
9+0.8 
(+80%) 
11+1.6 
(+120%) 
12+0.8 
(+140%) 
13+0.8 
(+160%) 
50 
8+0.8 
(+60%) 
11+1.6 
(+120%) 
14+1.6 
(+180%) 
16+1.6 
(+220%) 
17+2.5 
(+240%) 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
10+0.8 
(+100%) 
12+1.6 
(+140%) 
13+0.8 
(+160%) 
5+0.0 
(0%) 
7+0.8 
(+40%) 
9+0.8 
(+80%) 
10+0.8 
(+100%) 
11+0.8 
(+120%) 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
10+1.6 
(+100%) 
12+1.6 
(+140%) 
13+2.5 
(+160%) 
LSD at 
5% 
Treatment 
= 1.35 
Days 
= 2.14 
iTvtecactioTv 
= 3.02 
Treatment 
= 1.09 
Days 
= NS 
Interaction 
= 2.44 
Treatment 
= 1.12 
Days 
= NS 
Interaction 
= 2.51 
Treatment 
= 1.30 
Days 
= 2.05 
Interaction 
= 2.90 
Response 
type 
(Figure 4) 
B 
C 
B 
C 
Continued... 
Detergent 
(Brand 
Name) 
555 
Ghari 
Henko 
Mor 
Growth 
stages 
(Days) 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Control 
0 
6±0.8 
(+20%) 
8±0.8 
(+60%) 
10±0.8 
(+100%) 
12±1.6 
(+140%) 
13±1.6 
(+160%) 
6±0.8 
(+20%) 
8±0.8 
(+60%) 
10±0.8 
(+100%) 
12+1.6 
(+140%) 
13+1.6 
(+160%) 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
10+0.8 
(+100%) 
12+1.6 
(+140%) 
13+1.6 
(+160%) 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
10+0.8 
(+100%) 
12+1.6 
(+140%) 
13+1.6 
(+160%) 
Concentration (ppm) 
10 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
U+1.6 
(+120%) 
13+0.8 
(+160%) 
14+0.8 
(+180%) 
6+0.8 
(+20%) 
9+0.8 
(+80%) 
12+1.6 
(+140%) 
14+1.6 
(+180%) 
15+1.6 
(+200%) 
7+0.8 
(+40%) 
10+1.6 
(+100%) 
12+1.6 
(+140%) 
14+2.5 
(+180%) 
15+1.6 
(+200%) 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
10+1.6 
(+100%) 
11+1.6 
(+120%) 
13+1.6 
(+160%) 
30 
7+0.8 
(+40%) 
9+1.6 
(+80%) 
U+0.8 
(+120%) 
13+0.8 
(+160%) 
14+2.5 
(+180%) 
7+0.8 
(+40%) 
10+0.8 
(+100%) 
13+2.5 
(+160%) 
14+1.6 
(+180%) 
15+0.8 
(+200%) 
8+0.8 
(+60%) 
11+0.8 
(+120%) 
14+0.8 
(+180%) 
16+2.5 
(+220%) 
17+1.6 
(+240%) 
6+0.8 
(+20%) 
9+0.8 
(+80%) 
13+0.8 
(+160%) 
13+0.8 
(+140%) 
14+2.5 
(+180%) 
50 
7+0.8 
(+40%) 
10+0.8 
(+100%) 
13+0.8 
(+160%) 
15+2.5 
(+200%) 
17+2.5 
(+240%) 
7+0.8 
(+40%) 
10+1.6 
(+100%) 
13+1.6 
(+160%) 
16+2.5 
(+220%) 
18+2.5 
(+260%) 
8+0.8 
(+60%) 
12+1.6 
(+140%) 
15+2.5 
(+200%) 
19+2.5 
(+280%) 
22+1.6 
(+340%) 
6+0.8 
(+20%) 
9+0.8 
(+80%) 
12+0.8 
(+140%) 
15+1.6 
(+200%) 
17+2.5 
(+240%) 
LSD at 
5% 
Treatment 
= 1.25 
Days 
= ]'.98 
Intetaction 
= 2.80 
Treatment 
= 1.38 
Days 
= 2.19 
Interaction 
= 3.09 
Treatment 
= 1.44 
Days 
= 2.28 
Interaction 
= 3.23 
Treatment 
= 1.23 
Days 
= 1.94 
Interaction 
= 2.75 
Response 
type 
(Figure 4) 
A 
A 
A 
1 
K 
A 
Continued 
Detergent 
(Brand 
Name) 
Nirma 
Plus 
Rin 
Wheel 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
U 
(240 hrs) 
Control 
0 
6±0.8 
(+20%) 
8±0.8 
(+60%) 
10±0.8 
(+100%) 
12±1.6 
(+140%) 
13±1.6 
(+160%) 
6±0.8 
(+20%) 
8±0.8 
(+60%) 
10±0.8 
(+100%) 
12±1.6 
(+140%) 
13±1.6 
(+160%) 
6±0.8 
(+20%) 
8+0.8 
(+60%) 
10+0.8 
(+100%) 
12+1.6 
(+140%) 
13+1.6 
(+160%) 
6+0.8 
(+20%) 
8±0.8 
(+60%) 
10+0.8 
(+100%) 
12+1.6 
(140%) 
13+1.6 
(160%) 
Concentration (ppm) 
10 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
n+0.8 
(+120%) 
13+0.8 
(+160%) 
14+1.6 
(+180%) 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
11+0.8 
(+120%) 
13+0.8 
(+160%) 
14+1.6 
(+180%) 
8+1.6 
(+60%) 
12+1.6 
(+140%) 
14+1.6 
(+180%) 
15+0.8 
(+200%) 
16+1.6 
(220%) 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
10+1.6 
(+100%) 
12+0.8 
(+140%) 
13+1.6 
(+160%) 
30 
7+0.8 
(+40%) 
9+1.6 
(+80%) 
12+1.6 
(+140%) 
15+0.8 
(+200%) 
17+2.5 
(+240%) 
7+0.8 
(+40%) 
9+0.8 
(+80%) 
11+1.6 
(+120%) 
12+1.6 
(+140%) 
13+0.8 
(+160%) 
8+1.6 
(+60%) 
11+0.8 
(+120%) 
14+0.8 
(+180%) 
15+08 
(+200%) 
16+2.5 
(220%) 
7+0.8 
(+40%) 
9+0.8 
(+80%) 
11+0.8 
(+120%) 
13+1.6 
(+160%) 
14+0.8 
(+180%) 
50 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
U+0.8 
(+120%) 
12+1.6 
(+140%) 
13+1.6 
(+160%) 
7+0.8 
(+40%) 
9+0.8 
(+80%) 
11+0.8 
(+120%) 
13+1.6 
(+160%) 
15+2.5 
(+200%) 
8+1.6 
(+60%) 
13+0.8 
(+160%) 
16+1.6 
(+220%) 
19+1.6 
(+280%) 
20+2.5 
(300%) 
8+0.8 
(+60%) 
11+0.8 
(+120%) 
14+2.5 
(+180%) 
16+0.8 
(+220%) 
17+0.8 
(+240%) 
LSD at 
5% 
Treatment 
= 1.16 
Days 
= 1.84 
Interaction 
= 2.60 
Treatment 
= 1.12 
Days 
= NS 
Interaction 
= 2.51 
Treatment 
= 1.37 
Days 
= 2.17 
Interaction 
= 3.07 
Treatment 
= 1.09 
Days 
= 1.72 
Interaction 
= 2.43 
Response 
type 
(Figure 4) 
B 
A 
A 
A 
Mean ± SD, within parenthesis-per cent variation (in rounded figures) over the day-1 
stage with 5 individuals. 
Table 14. Population growth (in numbers) of Spirodela polyrrhta treated in small 
plastic pots with varying doses of 24 selected detergent powders. 
Detergent 
(Brand 
Name) 
Ariel 
Cleano 
Doctor 
Double 
Dog 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(%hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 his) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Control 
0 
6±0.8 
(+20%) 
9±0.8 
(+80%) 
ll±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
6±0.8 
(+20%) 
9±0.8 
(+80%) 
Il±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
6±0.8 
(+20%) 
9±0.S 
(+80%) 
11±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
6±0.8 
(+20%) 
9±0.8 
(+80%) 
11±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
Concentration (ppm) 
10 
7±0.8 
(+40%) 
10±1.6 
(+100%) 
13±1.6 
(+160%) 
15±0.8 
(+200%) 
16±1.6 
(+220%) 
7±0.8 
(+40%) 
10±I.6 
(+100%) 
13±0.8 
(+160%) 
14±1.6 
(+180%) 
15±2.5 
(+200%) 
6±0.8 
(+20%) 
8±1.6 
(+60%) 
11±0.8 
(+120%) 
13±1.6 
(+160%) 
I4±1.6 
(+180%) 
7±0.8 
(+40%) 
10±1.6 
(+100%) 
13±1.6 
(+160%) 
15±1.6 
(+200%) 
15±1.6 
(+200%) 
30 
8±0.8 
(+60%) 
11±0.8 
(+120%) 
14±1.6 
(+180%) 
17±1.6 
(+240%) 
19±2.5 
(+280%) 
7+0.8 
(+40%) 
9±0.8 
(+80%) 
11+1.6 
(+120%) 
12+1.6 
(+140%) 
13+1.6 
(+160%) 
7+0.8 
(+40%) 
9+0.8 
(+80%) 
11+1.6 
(+120%) 
13+2.5 
(+160%) 
14+1.6 
(+180%) 
7+0.8 
(+40%) 
9+0.8 
(80%) 
11+1.6 
(+120%) 
12+1.6 
(+140%) 
13+1.6 
(+160%) 
1 LSD at 
50 
6+0.8 
(+20%) 
9+0.8 
(+80%) 
12+0.8 
(+140%) 
14+1.6 
(+180%) 
15+0.8 
(+200%) 
6+0.8 
(+20%) 
9+0.8 
(+80%) 
11+0.8 
(+120%) 
13+1.6 
(+160%) 
15+2.5 
(+200%) 
7+0.8 
(+40%) 
9±0.S 
(+80%) 
12+1.6 
(+140%) 
14+1.6 
(+180%) 
15+0.8 
(+200%) 
7+0.8 
(+40%) 
^+0.8 
(+80%) 
11+0.8 
(+120%) 
12+1.6 
(+140%) 
13+1.6 
(+160%) 
5% 
Treatment 
= 1.15 
Days 
= 1.82 
Interaction 
= 2.57 
Treatment 
= 1.24 
Days 
= NS 
Interaction 
= 2.78 
Treatment 
= 1.22 
Days 
= -NS 
Interaction 
= 2.73 
Treatment 
= 1.22 
Days 
= NS 
Intoaction 
= 2.72 
Response 
type 
(Figure 4) 
C 
A 
A 
C 
\ 1 
Continued... 
Detergent 
(Brand 
Name) 
Fena 
Friendly 
wash 
Ghari 
Henko 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hre) 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(%hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
U 
(240 hrs) 
Control 
0 
6±0.8 
(+20%) 
9±0.8 
(+80%) 
11±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
6±0.8 
(+20%) 
^ 0 . 8 
(+80%) 
11±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
6±0.8 
(+20%) 
9±0.8 
(+80%) 
U±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
6±0.8 
(+20%) 
9±0.8 
(+80%) 
11±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
Concentration (ppm) 
10 
8±0.8 
(+60%) 
ll±1.6 
(+120%) 
14±1.6 
(+180%) 
15±1.6 
(+200%) 
16±1.6 
(+220%) 
9±0.8 
(+80%) 
13±1.6 
(+160%) 
16±1.6 
(+220%) 
19±2.5 
(+280%) 
20±2.5 
(+300%) 
7+0.8 
(+40%) 
11±1.6 
(+120%) 
14±1.6 
(+180%) 
17±0.8 
(+240%) 
I9±2.5 
(+280%) 
6±0.8 
(+20%) 
9±1.6 
(+80%) 
11±0.8 
(+120%) 
13±1.6 
(+160%) 
15±0.8 
(+200%) 
30 
8±0.8 
(+60%) 
13±1.6 
(+160%) 
17±2.5 
(+240%) 
19±2.5 
(+280%) 
20±1.6 
(+300%) 
8±1.6 
(+60%) 
11±1.6 
(+120%) 
14±1.6 
(+180%) 
16+1.6 
(+220%) 
18+2.5 
(+260%) 
8±0.8 
(+60%) 
12±0.8 
(+140%) 
15±1.6 
(+200%) 
17±1.6 
(+240%) 
20±2.5 
(+300%) 
6±0.8 
(+20%) 
10±1.6 
(+100%) 
13+1.6 
(+160%) 
15±0.8 
(+200%) 
16+1.6 
(+220%) 
50 
8+0.8 
(+60%) 
12+1.6 
(+140%) 
15+1.6 
(+200%) 
16+1.6 
(+220%) 
17+1.6 
(+240%) 
7+0.8 
(+40%) 
10+1.6 
(+100%) 
13+0.8 
(+160%) 
14+0.8 
(+180%) 
16+1.6 
(+220%) 
8+0.8 
(+60%) 
n±o.8 
(+120%) 
13+0.8 
(+160%) 
15+1.6 
(+200%) 
17+0.8 
(+240%) 
6+0.8 
(+20%) 
9+0.8 
(+80%) 
12+1.6 
(+140%) 
14+0.8 
(+180%) 
I5±fl.8 
LSD at 
5% 1 
1 
Treatment 
= 1.41 
Days 
= 2.22 
Intevactiotv 
= 3.14 
Treatment 
= 1.42 
Days 
= 2.25 
Interaction 
= 3.18 
Treatment 
= 1.24 
Days 
= 1.% 
Interaction 
= 2.77 
Treatment 
= 1.05 
Days 
= NS 
Interaction 
= 2.34 
(+200%) 1 
Response 
type 
(Figure 4) 
B 
C 
B 
B 
1 1 
Continued.. 
Detergent 
(Brand 
Name) 
Max 
Clean 
Mor 
Morlight 
M I . Wlvite 
Growtii 
stages 
(Days) 
• ^ 
J 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
n (240 bis) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Concentration (ppm) 
Control 
0 10 
6±0.8 7±0.8 
(+20%) (+40%) 
9+0.8 9+0.8 
(+80%) (+80%) 
U+1.6 12+0.8 
(+120%) (+140%) 
13+0.8 13+0.8 
(+160%) (+160%) 
14+0.8 14+1.6 
(+180%) (+180%) 
6+0.8 7+0.8 
(+20%) (+40%) 
9+0.8 10+0.8 
(+80%) (+100%) 
11+1.6 13+1.6 
(+120%) (+160%) 
13+0.8 15+0.8 
(+160%) (+200%) 
14+0.8 15+1.6 
(+180%) (+200%) 
6+0.8 8+0.8 
(+20%) (+60%) 
9+0.8 10+1.6 
(+80%) (+100%) 
11+1.6 12+1.6 
(+120%) (+140%) 
13+0.8 14+1.6 
(+160%) (+180%) 
14+0.8 14+1.6 
(+180%) (+180%) 
6+0.8 7+0.8 
(+20%) (+40%) 
9+0.8 10+1.6 
(+80%) (+100%) 
11+1.6 12+0.8 
(+120%) (+140%) 
13+0.8 15+0.8 
(+160%) (+200%) 
14+0.8 16+1.6 
(+180%) (+220%) 
30 
7+0.8 
(+40%) 
11+1.6 
(+120%) 
14+1.6 
(+180%) 
16+2.5 
(+220%) 
17+1.6 
(+240%) 
8+0.8 
(+60%) 
11+1.6 
(+110%) 
14+0.8 
(+180%) 
17+1.6 
(+240%) 
18+1.6 
(+260%) 
9+0.8 
(+80%) 
12+1.6 
(+140%) 
15+0.8 
(+200%) 
17+0.8 
(+240%) 
19+2.5 
(+280%) 
7+0.8 
(+40%) 
9+0.8 
(+80%) 
11+1.6 
(+120%) 
13+0.8 
(+160%) 
15+1.6 
(+200%) 
50 
7+0.8 
(+40%) 
10+1.6 
(+100%) 
12+0.8 
(+140%) 
14+1.6 
(+180%) 
15+1.6 
(+200%) 
7+0.8 
(+40%) 
10+1.6 
(+100%) 
11+1.6 
(+120%) 
12+1.6 
(+140%) 
13+1.6 
(+160%) 
8+0.8 
(+60%) 
11+0.8 
(+120%) 
14+0.8 
(+180%) 
16+1.6 
(+220%) 
18+1.6 
(+260%) 
8+0.8 
(+60%) 
11+0.8 
(+120%) 
13+1.6 
(+160%) 
14+1.6 
(+180%) 
15+0.8 
(+200%) 
LSD at 
5% 
Treatment 
= 1.12 
Days 
= NS 
Interaction 
= 2.51 
Treatment 
= 1.08 
Days 
= 1.70 
Interaction 
= 2.40 
Treatment 
= 1.19 
Days 
= 1.87 
Interaction 
= 2.67 
Treatment 
= 1.05 
Days 
= 1.65 
Interaction 
= 2.34 
Response 
type 
(Figure 4) 
B 
B 
B 
C 
Continued.. 
Detergent 
(Brand 
Name) 
>imna 
>Jinna 
(Super) 
*(Super 
Ninna) 
Plus 
Plus 
(Extra) 
•(Extra 
plus) 
Growth 
stages 
(Days) 
3 
(48hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hre) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 his) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(%hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hre) 
9 
(192 hrs) 
11 
(240 hrs) 
Concentration (ppm) 
Control 
0 10 
6±0.8 6±0.8 
(+20%) (+20%) 
9±0.8 8±0.8 
(+80%) (+60%) 
U+1.6 10±1.6 
(+120%) (+100%) 
13±0.8 lliO.S 
(+160%) (+140%) 
14±0.8 13±1.6 
(+180%) (+160%) 
6±0.8 7+0.8 
(+20%) (+40%) 
^ 0 . 8 11±0.8 
(+80%) (+120%) 
11±1.6 14±1.6 
(+120%) (+180%) 
13+0.8 17+1.6 
(+160%) (+240%) 
14+0.8 19±1.6 
(+180%) (+280%) 
6+0.8 6+0.8 
(+20%) (+20%) 
9+0.8 9+1.6 
(+80%) (+80%) 
11+1.6 11+0.8 
(+120%) (+120%) 
13+0.8 13+1.6 
(+160%) (+160%) 
14+0.8 15+0.8 
(+180%) (+200%) 
6+0.8 10+1.6 
(+20%) (+100%) 
fttO.8 14+1.6 
(+80%) (+180%) 
11+1.6 17+1.6 
(+120%) (+240%) 
13+0.8 19+1.6 
(+160%) (+280%) 
14+0.8 21+1.6 
(+180%) (+320%) 
30 
7+0.8 
(+40%) 
9+1.6 
(+80%) 
U+0.8 
(+120%) 
13+1.6 
(+160%) 
15+0.8 
(+200%) 
8+0.8 
(+60%) 
11+1.6 
(+120%) 
13+0.8 
(+160%) 
15+1.6 
(+200%) 
17+0.8 
(+240%) 
6+0.8 
(+20%) 
9+0.8 
(+80%) 
11+1.6 
(+120%) 
13+0.8 
(+160%) 
14+1.6 
(+180%) 
8+0.8 
(+60%) 
11+0.8 
(+120%) 
13+1.6 
(+160%) 
15+1.6 
(+200%) 
17+1.6 
(+240%) 
50 
9+0.8 
(+80%) 
12+1.6 
(+140%) 
15+1.6 
(+200%) 
18+1.6 
(+260%) 
20+2.5 
(+300%) 
8+0.8 
(+60%) 
12+1.6 
(+140%) 
16+1.6 
(+220%) 
20+2.5 
(+300%) 
23+2.5 
(+360%) 
7+0.8 
(+40%) 
11+0.8 
(+120%) 
14+0.8 
(+180%) 
17+1.6 
(+240%) 
19+1.6 
(+280%) 
7+0.8 
(+40%) 
10+1.6 
(+100%) 
13+0.8 
(+160%) 
15+0.8 
(+200%) 
16+2.5 
(+220%) 
LSD at 
5% 
Treatment 
= 1.18 
Days 
= 1.87 
Interactaotv 
= 2.65 
Treatment 
= 1.31 
Days 
= 2.06 
Interaction 
= 2.92 
Treatment 
= 1.07 
Days 
= 1.69 
Intoaction 
= 2.39 
Treatment 
= 1.16 
Days 
= 1.83 
Interaction 
= 2.59 
Response 
type 
(Figure 4) 
A 
A 
A 
C 
Continued... 
Detergent 
(Brand 
Name) 
Plus 
(saving) 
*(Saving 
Plus) 
Rin Shakti 
Rin Super 
Surf 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 his) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 his) 
11 
(240 hrs) 
Control 
0 
6±0.8 
(+20%) 
9±0.8 
(+80%) 
11±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
6±0.8 
(+20%) 
9±0.8 
(+80%) 
11±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
6±0.8 
(+20%) 
9+0.8 
(+80%) 
l l±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
6±0.8 
(+20%) 
SW:0.8 
(+80%) 
11±1.6 
(+120%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
Concentration (ppm) 
10 
8±0.8 
(+60%) 
10±0.8 
(+100%) 
12±0.8 
(+140%) 
13±0.8 
(+160%) 
14±0.8 
(+180%) 
7±0.8 
(+40%) 
10±0.8 
(+100%) 
12±1.6 
(+140%) 
14±1.6 
(+180%) 
15±0.8 
(+200%) 
8±0.8 
(+60%) 
I3±1.6 
(+160%) 
15±0.8 
(+200%) 
17±0.8 
(+240%) 
19±1.6 
(+280%) 
7+1.6 
(+40%) 
10±0.8 
(+100%) 
13±0.8 
(+160%) 
16±1.6 
(+220%) 
18±2.5 
(+260%) 
30 
7±0.8 
(+40%) 
9±0.8 
(+80%) 
l l±0.8 
(+120%) 
13±1.6 
(+160%) 
14i:1.6 
(+180%) 
8±0.8 
(+60%) 
l l±0.8 
(+120%) 
14±0.8 
(+180%) 
17±0.8 
(+240%) 
18±2.5 
(+260%) 
9+0.8 
(+80%) 
14±1.6 
(+180%) 
16±1.6 
(+220%) 
I7±0.8 
(+240%) 
20±2.5 
(+300%) 
9+0.8 
(+80%) 
14±0.8 
(+180%) 
18±0.8 
(+260%) 
21+1.6 
(+320%) 
23+2.5 
(+360%) 
50 
7+0.8 
(+40%) 
9+0.8 
(+80%) 
12+1.6 
(+140%) 
14+1.6 
(+180%) 
15+1.6 
(+200%) 
7+0.8 
(+40%) 
10+0.8 
(+100%) 
12+0.8 
(+140%) 
13+0.8 
(+160%) 
14+1.6 
(+180%) 
10+0.8 
(+100%) 
16+0.8 
(+220%) 
19+1.6 
(+280%) 
22+2.5 
(+340%) 
24+2.5 
(+380%) 
8+0.8 
(+60%) 
12+0.8 
(+140%) 
15+1.6 
(+200%) 
17+1.6 
(+240%) 
19+2.5 
(+280%) 
LSD at 
5% 
• 
Treatment 
= 1.07 
Days 
= NS 
Interaction 
= 2.4 
Treatment 
= 1.07 
Days 
= 1.69 
Interaction 
= 2.39 
Treatment 
= 1.28 
Days 
= 2.02 
Interaction 
= 2.86 
Treatment 
= 1.29 
Days 
= 2.03 
Interaction 
= 2.88 
Response 
type 
(Figure 4) 
A 
B 
A 
B 
Continued.. 
Detergent 
(Brand 
Name) 
Surf Excel 
Tide 
Time-Zee 
Wheel 
Growth 
stages 
(Days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
Concentration (ppm) 
Control 
0 10 
6±0.8 8±0.8 
(+20%) (+60%) 
9±0.8 14+0.8 
(+80%) (+180%) 
11+1.6 18+1.6 
(+120%) (+260%) 
13+0.8 21+1.6 
(+160%) (+320%) 
14+0.8 23+1.6 
(+180%) (+360%) 
6+0.8 8+0.8 
(+20%) (+60%) 
9+0.8 11+0.8 
(+80%) (+120%) 
11+1.6 14+0.8 
(+120%) (+180%) 
13+0.8 17+1.6 
(+160%) (+240%) 
14+0.8 18+1.6 
(+180%) (+260%) 
6+0.8 6+0.8 
(+20%) (+20%) 
9+0.8 8+0.8 
(+80%) (+60%) 
11+1.6 10+1.6 
(+120%) (+100%) 
13+0.8 12+0.8 
(+160%) (+140%) 
14+0.8 14+1.6 
(+180%) (+180%) 
6+0.8 9+0.8 
(+20%) (+80%) 
9+0.8 12+0.8 
(+80%) (+140%) 
11+1.6 15+0.8 
(+120%) (+200%) 
13+0.8 17+1.6 
(+160%) (+240%) 
14+0.8 20+1.6 
(180%) (+300%) 
30 
10+0.8 
(+100%) 
16+1.6 
(+220%) 
21+1.6 
(+320%) 
24+1.6 
(+380%) 
26+2.5 
(+420%) 
7+0.8 
(+40%) 
10+0.8 
(+100%) 
13+1.6 
(+160%) 
15+1.6 
(+200%) 
15+1.6 
(+200%) 
7+0.8 
(+40%) 
10+0.8 
(+100%) 
12+0.8 
(+140%) 
14+1.6 
(+180%) 
15+1.6 
(+200%) 
7+0.8 
(+40%) 
10+0.8 
(+100%) 
12+1.6 
(+140%) 
14+1.6 
(+180%) 
15+1.6 
(+200%) 
50 
9+0.8 
(+80%) 
14+1.6 
(+180%) 
19+1.6 
(+280%) 
21+1.6 
(+320%) 
22+2.5 
(+340%) 
7+0.8 
(+40%) 
10+0.8 
(+100%) 
12+0.8 
(+140%) 
13+1.6 
(+160%) 
14+0.8 
(+180%) 
9+0.8 
(+80%) 
12+0.8 
(+140%) 
15+0.8 
(+200%) 
18+1.6 
(+260%) 
20+2.5 
(+300%) 
6+0.8 
(+20%) 
8+0.8 
(+60%) 
9+0.8 
(+80%) 
12+1.6 
(+140%) 
14+0.8 
(+180%) 
LSD at 
5% 
Treatment 
= 1.37 
Da>'s 
= 2.16 
Interaction 
= 3.06 
Treatment 
= 1.07 
Days 
= 1.70 
Interaction 
= 2.40 
Response 
type 
(Figure 4) 
B 
C 
1 
Tteafeneivt 
= 1.07 
Days 
= 1.69 ^ 
IntoBction 
= 2.39 
Treatment 
= 1.07 
Days 
= 1.69 
Interaction 
= 2.39 
C 
Mean ± SD, within parenthesis-per cent variation (in rounded figures) over the day-1 
stage with 5 individuals. 
* Actual brand name 
(sajBOiidsj £}o jno) jod ai^uis ui (sjusSjajap 9^ ; jo jno) sa^Bd )Q3Sj3)dp papaps 
JX JO SU011BJJU30U00 §uiiCreA o\ vziifuu/(]od vppouid^ jo sssuodssj sqj sMoqs £ ajBu 
0 ppm 
10 ppm 
0 ppm 
50 ppm 
Ariel Budget Doctor Fena 555 Ghari 
0 ppm 
10 ppm 
30 ppm 
50 ppm 
Henko Mor Nirma Plus Rin Wheel 
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treated with three varying doses of 24 selected detergent powders (Plates 8, 9). A cursory 
glance on the data of table 14 revealed that the impact of detergent powders on the 
population growth of Spirodela polyrrhiza was relatively higher than the impact of 
various detergents cakes under study (Table 13). Among few common brands like Ariel, 
Fena, Nirma, Super Nirma, Rin Supreme, Surf and Surf Excel and Tide, the growth 
promotion effect of Surf Excel and Surf on the population growth of Spirodela polyrrhiza 
was higher than the other detergent powders studied (Table 14). The population growth of 
Spirodela polyrrhiza on treatment with Ariel detergent powder showed a lag phase until 
the day-3 stage. However, from day-5 to day-11 stage a consistent increase in the 
population growth oi Spirodela polyrrhiza was recorded in response to all doses of Ariel. 
Cleano, Doctor, Double Dog, Mr. White, Plus and Saving Plus detergent powder had a 
relatively lesser impact on the population growth of Spirodela polyrrhiza than the other 
detergents under study (Table 14). 
b) Dry weight 
The data on dry weight of Spirodela polyrrhiza treated in small plastic pots with 
varying concentrations of 12 selected detergent cakes are sunmiarized in table 15. There 
was a significant increase in the dry weight of Spirodela polyrrhiza on treatment with 
Ariel detergent cake. The dry weight of plants was significantly increased with the 
increase in concentration up to 30 ppm. There was relatively higher dry weight 
accumulation in Spirodela polyrrhiza treated with varying concentrations of 555, Henko, 
Nirma, Rin and Wheel detergent cakes. The impact of all concentrations of Doctor, 
Fena, Ghari and Mor detergent cakes on dry weight of Spirodela polyrrhiza was lesser 
than the impact of other detergents studied. Statistically there was no significant change 
in the dry weight of Spirodela polyrrhiza treated with varying concentrations of Budget 
Table 15. Dry 
plastic 
weight (mg/g of fresh weight) oi Spirodela polyrrhiza treated in small 
pots with varying doses of 12 selected detergent cakes. 
Detergent 
(Brand Name) 
Concentrati(Mi (ppm) 
Control 
0 10 30 50 
LSD at 
5% 
1% 
Ariel 
Budget 
Doctor 
Fena 
555 
Ghari 
Henko 
Mor 
Ninna 
Plus 
Rin 
Wheel 
1I3.75±1.16 
113.75±1.16 
n3.75±1.16 
113.75±1.16 
n3.75±l.l6 
113.75±1.16 
113.75±1.16 
113.75±1.16 
n3.75±1.16 
113.75±1.16 
113.75±1.16 
113.75±1.16 
n7.91±2.0i 
(+3.66%) 
117.99±1.97 
(+3.72%) 
117.80±1.32 
(+3.56%) 
121.68±1.98 
(+6.97%) 
116.58±2.02 
(+2.49%) 
H4.88±1.19 
(+0.99%) 
117.67±1.57 
(+3.45%) 
114.80±0.97 
(+0.09) 
116.58±1.76 
(+2.49%) 
115.50±1.05 
(+1.54%) 
118.93±2.02 
(+4.55%) 
118.53±1.69 
(+4.20%) 
121.96±2.07 
(+7.22%) 
115.77±1.56 
(+1.76%) 
118.92±0.97 
(+4.55%) 
II7.57±1.58 
(+3.36%) 
121.66±1.18 
(+6.95%) 
n8.32±1.12 
(+4.02%) 
I19.22±1.12 
(+4.81%) 
n8.6atl .47 
(+4.26%) 
12I.66±1.76 
(+6.95%) 
116.77±1.76 
(+2.65%) 
120.86±1.98 
(+6.25%) 
123.86±1.41 
(+8.89%) 
U9.56il.40 
(+5.11%) 
113.80±1.18 
(+0.04%) 
116.50±1.50 
(+2.42%) 
H5.50±1.73 
(+1.54%) 
1I8.86±0.9I 
(+4.49%) 
116.54±0.88 
(+2.45%) 
123.55±1.24 
(+8.62%) 
116.80±1.28 
(+2.68%) 
118.86±1.21 
(+4.49%) 
119.68±2.10 
(+5.93%) 
124.19±1.46 
(+9.19%) 
120.76±2.07 
(+6.16%) 
4.49 
6.8\ 
NS 
NS 
2.84 
4.29 
4.60 
6.95 
3.82 
5.79 
2.71 
4.10 
2.68 
4.06 
3.16 
4.80 
3.16 
4.78 
NS 
NS 
4.40 
6.67 
4.50 
6.%2 
Mean ± SD, with in parmthesis per cent variation over the control. 
Plate 8 shows the responses of Spirodela polyrrhiza to varying concentrations of 12 
selected detergent powders (out of 24 detergent powders and total of 36 detergents) in 
single pot (out of 3 replicates). 
Oppm 
10 ppm 
30 ppm 
50 ppm 
Ariel Cleano Doctor Double 
Dog 
Fena Friendly 
Wash 
0 ppm 
10 ppm 
30 ppm 
50 ppm 
Ghari Henko Max Mor Mor Mr. 
Clean light White 
Plate 8 
Plate 9 shows the responses of Spirodela polyrrhiza to varying concentrations of 12 
selected detergent powders (out of 24 detergent powders and total of 36 detergents) in 
single pot (out of 3 replicates). 
0 ppm 
10 ppm 
30 ppm 
50 ppm 
Nirma Nirma 
Super 
Pius Plus 
Extra 
Plus 
Saving 
Rin 
Shakti 
Oppm 
10 ppm 
30 ppm 
50 ppm 
Rin Surf Surf 
Suprem Excel 
Tide Time-Zee Wheel 
Plate 9 
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and Plus detergent cakes. The high concentration (50 ppm) of Henko, Nirma and Rin 
enhanced the dry weight accumulation to a noticeable extent (Table 15). 
Table 16 comprises the data on dry weight of Spirodela polyrrhiza treated in small 
plastic pots with varying concentrations of 24 selected detergent powders. A glance on 
the Table 16 revealed that the impact of detergent powders on dry weight of Spirodela 
polyrrhiza was higher than the impact of all 12 selected detergent cakes. The Spirodela 
polyrrhiza treated with Ariel detergent powder showed maximum dry weight 
accumulation at 30 ppm as compared to the control (0 ppm). The impact of Double Dog 
detergent powder on dry weight was far lesser than the impact of Ariel. The high 
concentration (50 ppm) of the detergents like Fena, Ghari, Nirma, Nirma Super and 
Rin Supreme significantly enhanced the dry weight of Spirodela polyrrhiza as compared 
to 0, 10 and 30 ppm. The dry weight of Spirodela polyrrhiza increased significantly on 
treatment with 30 ppm of Friendly Wash, Henko, Saving Plus, Rin Shakti, Surf and its 
new brand Surf Excel powder. The impact of Surf and Surf Excel was highest than Ae 
other detergents powder under study. The dry weight of Spirodela polyrrhiza statisticdBy 
did not vary on treatment with varying concentrations of Cleano, Doctor, Maxcleaa,: 
Mor, Morlight, Plus, Plus Extra, Time-zee and Wheel detergent powders (Table 16). 
Duckweed response to Surf Excel in 15 Liters earthen pots 
a) Growth responses of Lemna minor 
The data summarized in table 17 show the population growth of Lemna minor 
treated with varying concentrations of aqueous Surf Excel Powder in large earthen pots 
each containing 15 liters of solution (Plate 10). The statistical analysis of the data 
revealed that Surf Excel Powder affected the population growth to significant extent. The 
Table 16. Dry weight (mg/g of fresh weight) of Spirodela polyrrhiza treated in small 
plastic pots with varying doses of 24 selected detergent powders. 
Detergent 
(Brand Name) 
Concentration (ppm) 
Control 
0 10 30 50 
LSD at 
5% 
1% 
Ariel 
Cleano 
Doctor 
Double Dog 
Fena 
Friendly wash 
Ghari 
Henko 
Max Clean 
Mor 
Mor light 
Mr. white 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
119.74±1.80 
(+5.54%) 
I17.67±2.20 
<+3.72%) 
114.98±1.33 
(+1.35%) 
125.83±1.94 
(+10.91%) 
115.50±1.51 
(+1.81%) 
125.38±1.59 
(+10.52%) 
117.08±1.89 
(+3.20%) 
119.99±2.09 
(+5.76%) 
114.68±1.71 
(+1.08%) 
117.73±1.80 
(+3.77%) 
116.8U1.76 
(+2.96%) 
125.09±2.20 
(+10.26%) 
124.82±2.21 
(+10.02%) 
116.95+2.05 
(+3.09%) 
115.95+2.11 
(+2.20%) 
122.20+1.71 
(+7.71%) 
117.57+1.87 
(+3.63%) 
122.%±2.31 
(+8.38%) 
118.13+2.19 
(+4.13%) 
125.98+2.11 
(+11.04%) 
117.52+2.26 
(+3.59%) 
121.12+1.83 
(+6.76%) 
118.59+2.32 
(+4.53%) 
120.65+2.18 
(+6.35%) 
12l.36±2.38 
(+6.97%) 
114.72+1.20 
(+1.12%) 
117.93+1.27 
(+3.95%) 
120.79+1.90 
(+6.47%) 
121.68+1.98 
(+7.25%) 
120.54i2.33 
(+6.25%) 
123.50+1.92 
(+8.86%) 
122.20+2.40 
(+7.71%) 
114.21+1.71 
(+0.67%) 
115.25+2.19 
(+1.59%) 
115.14+2.42 
(+1.49%) 
I20.80±2.4l 
(+6.49%) 
5.85 
8.86 
NS 
NS 
NS 
NS 
5.21 
7.89 
5.10 
7.72 
5.76 
8.73 
5.54 
8.39 
5.97 
9.04 
NS 
NS 
NS 
NS 
NS 
NS 
6.10 
9.24 
Continued.. 
Detergent 
(Brand Name) 
Nirma 
Nirma (Super) 
•(Super Nirma) 
Plus 
Plus (Extra) 
*(Extra Plus) 
Plus (saving) 
•(Saving Plus) 
RinShakti 
Rin Supreme 
Surf 
Surf Excel 
Tide 
Time-Zee 
Wheel 
Control 
0 
n3.45±1.83 
113.45±].83 
!13.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
113.45±1.83 
Concentration (ppm) 
10 
117.91±1.26 
(+3.93%) 
115.15il.89 
(+1.50%) 
II5.37±I.92 
(+1.69%) 
115.84±1.40 
(+2.12%) 
n5.00±2.24 
(+1.37%) 
n9.07±2.61 
(+5.0%) 
122.27±2.22 
(+7.77%) 
117.33±1.54 
(+3.42%) 
120.54±1.82 
(+6.25%) 
119.65±1.89 
(+5.46%) 
n4.87±2.13 
(+1.25%) 
I2I.35±1.67 
(+^.96%) 
30 
n8.79±1.80 
(+4.71%) 
120.60±1.40 
(+6.30%) 
115.10±2.56 
(+1.45%) 
120.42±1.80 
(+6.14%) 
122.89±2.56 
(+8.32%) 
124.83±2.33 
(+10.03%) 
122.16±2.41 
(+7.68%) 
126.42±2.01 
(+11.43%) 
126.58±2.16 
(+11.57%) 
124.64±1.96 
(+9.86%) 
n5.56±1.83 
(+1.86%) 
117.26±2.21 
(+3.36%) 
50 
124.39±1.85 
(+9.64%) 
124.00±2.54 
(+9.30%) 
120.52±2.39 
(+6.23%) 
114.06±2.52 
(+0.54%) 
1I7.27±2.43 
(+3.37%) 
U9.79i2.58 
(+5.59%) 
125.73±2.04 
(+10.82%) 
122.57±2.07 
(+8.04%) 
122.96±1.23 
(+8.38%) 
116.50±2.14 
(+2.69%) 
119.45±1.85 
(+5.29%) 
U4.85±2.ll 
(+1.23%) 
LSD at 
5% 
1% 
4.80 
7.27 
5.47 
8.28 
NS 
NS 
NS 
NS 
6.44 
9.76 
6.62 
10.03 
5.45 
8.25 
5.29 
8.02 
5.02 
7.60 
5.53 
8.38 
NS 
NS 
NS 
NS 
Mean ± SD, within parenthesis-per cent variation over the control. 
* Actual brand name 
Table 17. Population growth (in numbers) of Lemna minor treated in large earthen 
pots containing 15 liters of varying concentrations of Surf Excel detergent 
powder. 
Growth 
stage 
(days) 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
11 
(240 hrs) 
0 
156±5.4 
(+56%) 
199±7.6 
(+99%) 
219±6.9 
(+119%) 
254±n.O 
(+154%) 
276±12.3 
(+176%) 
10 
179±7.0 
(+79%) 
230±4.5 
(+130%) 
268±7.4 
(+168%) 
300±3.3 
(+200%) 
327±5.7 
(+227%) 
Concentration (ppm) 
20 
193±5.1 
(+93%) 
251+9.4 
(151%) 
280±11.4 
(+180%) 
302+9.0 
(+202%) 
339±8.4 
(+239%) 
30 
174il0.2 
(+74%) 
225+11.0 
(+125%) 
262±6.2 
(+162%) 
294±7.4 
(+194%) 
334+4.5 
(+234%) 
40 
169i7.8 
(+69%) 
216+3.7 
(+116%) 
257+3.7 
(+157%) 
287+6.2 
(+187%) 
317+0.7 
(+217%) 
50 
163i9.9 
(+63%) 
210+14.5 
(+U0%) 
243+9.9 
(+143%) 
271+9.0 
(+171%) 
311+5.4 
(+211%) 
Mean ± SD, with in parenthesis per cent variation over the population at day-1 stage 
with 100 individuals (in rounded figures). 
ANOVAofTabIel7 
Replicates 
Treatments 
Days 
Interaction 
Error 
_ 
d.f 
2.0 
5.0 
4.0 
20.0 
58.0 
Total S.S. 
22.6 
35849.6 
206678.6 
2516.4 
1693.4 
M.S.S. 
11.3 
7169.9 
51669.7 
125.8 
29.2 
F. ratio 
0.4 
245.6 
1769.7 
4.3 
L.S.D. at 5% 
4.0 
3.7 
4.3 
Plate 10 shows the abundance of the population of Lemna minor in large earthen pots 
containing 15 liters of varying concentration of Surf Excel (0-50 ppm) in tap water. The 
0 ppm consists of tap water without detergent. 
k - • 
Plate 10 
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population of Lemna minor consistently increased with the concentration of Surf Excel 
Powder up to 40 ppm level and showed a marginal decHne at 50 ppm level. The 
population of Lemna minor also increased with growth stage in all concentrations of Surf 
Excel. As evident from ANOVA table the LSD between the treatments (concentrations of 
Surf Excel including control ) and days (growth stage ) was lesser from the observed 
difference at every growth stage in each treatment and between the treatments at all 
growth stages. The observed difference in the population as a result of treatment with 
Surf Excel was higher than the least significant difference of the interaction of dose and 
growth stage (Table 17, ANOVA 17). 
Table 18 comprises the data on the growth responses of Lemna minor treated with 
varying concentrations of Surf Excel in large earthen pots and studied at 11* day. The 
statistical analysis of the data revealed that the dry weight per gram fresh plant of Lemna 
minor significantly increased on treatment with 20, 30,40 and 50 ppm of Surf Excel .The 
lower concentrations of Surf Excel increased chlorophyll a and b. The nitrogen content in 
the plants treated with varying concentrations of Surf Excel had for greater amount of 
nitrogen than the control. There was a marginal but significant increase in phosphorus 
uptake in Lemna minor fi-eated with varying concentrations of Surf Excel as compared to 
control plant. The phosphorus uptake was, however, highest at 20 ppm of Surf Excel. A 
significant increase in potassium uptake was recorded at higher concentrations of Surf 
Excel. Nitrogen uptake in plant increased up to 30 ppm concentration level and declined 
with fiirther increase in the concentration of the detergent (Table 18). 
Water quality 
The data on the physico-chemical properties of water samples of earthen pots 
studied at 11* day stage are summarized in table 19. The data show that the jrfi and 
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turbidity consistently increased with the concentration in earthen pots. The dissolved 
oxygen (except some variations at 40 ppm level) reduced with the increase in 
concentration of Surf Excel. The nitrate contents decreased marginally with the increase 
in Surf Excel concentration. Despite significant uptake, the high amounts of phosphates 
(in proportion to concentration of detergent) accumulated in the solutions of Surf Excel. 
There was no statistical difference in potassium level in all treatments including control 
(Table 19). 
b) Growth responses of Spirodela polyrrhiza 
Table 20 comprises the data on the response of population growth of Spirodela 
polyrrhiza treated in large earthen pots with varying doses of Surf Excel detergent. The 
40 ppm concentration of Surf Excel had a significant impact on the population growth of 
Spirodela polyrrhiza. The lower doses of Surf Excel at day 3"^  stage had only marginal 
impact on the population growth of Spirodela polyrrhiza. But from day-7 stage a 
noticeable impact of Surf Excel on the population of Spirodela was recorded. However, 
50 ppm Surf Excel at day 3'^ ^ had no significant impact on the population growth of 
Spirodela polyrrhiza (Table 20). The population of Spirodela polyrrhiza increased with 
growth stage in response to all the treatments as evident from the ANOVA of table 20. 
Table 21 shows the data on the growth responses of Spirodela polyrrhiza treated 
in large earthen pots (Plate 11) with varying concentrations of Surf Excel powder .As 
evident from data the Spirodela polyrrhiza grown in varying concentrations of Surf Excel 
accumulated larger amount of dry matter as compared to the control. The chlorophyll a 
and b in the plants treated with Surf Excel was marginally higher. The chlorophyll a and 
b in plant treated with 40 ppm of Surf Excel was relatively higher than in any other 
treatment. The nitrogen, phosphorus and potash uptake was found related with 
Table 20. Population growth (in numbers) of Spirodela polyrrhiza treated in large 
earthen pots containing 15 liters of varying concentrations of Surf Excel 
detergent powder. 
Growth 
stage 
(in days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 hrs) 
II 
(240 hrs) 
0 
32±2.l 
{+60%) 
41±1.3 
(+105%) 
47±2.1 
(+135%) 
51±2.9 
(+155%) 
54±3.7 
(+170%) 
10 
35i2.l 
(+75%) 
44±2.9 
(+120%) 
51±1.3 
(+155%) 
56±5.3 
(+180%) 
61±1.7 
(+205%) 
Concentration (ppm) 
20 
34i3.4 
(+70%) 
38+1.3 
(90%) 
45±1.3 
(+125%) 
54±4.5 
(+170%) 
63±1.3 
(+215%) 
30 
33±0.8 
(+65%) 
41+2.9 
(+105%) 
50+1.3 
(+150%) 
61±3.2 
(+205%) 
70+1.3 
(+250%) 
40 
40±2.\ 
(+100%) 
51+1.3 
(+155%) 
60±2.9 
(+200%) 
71+2.1 
(+255%) 
81+2.1 
(+305%) 
50 
33t\ .3 
(+65%) 
43+1.3 
(+115%) 
50±2.9 
(+150%) 
55+2.9 
(+175%) 
58+1.3 
(+190%) 
Mean ± SD, within parenthesis per cent variation over the population at day-1 stage 
with 20 individuals. 
ANOVA of Table 20 
Replicates 
Treatments 
Days 
Interaction 
Error 
d.£ 
2.0 
5.0 
4.0 
20.0 
58.0 
Total S.S. 
0.69 
1848.592 
8267.8 
173.8 
204.6 
M.S.S. 
0.343 
369.8 
2066.945 
8.7 
3.53 
F. ratio 
0.097 
104.8 
585.8 
2.42 
L.S.D. at 5% 
1.40 
1.28 
2.42 
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concentrations of Surf Excel up to 40 ppm. The uptake of NPK showed consistent 
increase with the detergent concentration up to 40 ppm with some exception of nitrogen 
uptake (Table 21). 
Water quality 
The data summarized in table 22 show the physico-chemical properties of the 
water sampled from varying concentrations of Surf Excel. The turbidity and pH increased 
with the concentration of the detergent used. The dissolved oxygen was negatively related 
with the detergent concentration. After the treatment, the nitrate content in solution with 
higher detergent concentrations significantly reduced as compared to control. The 
phosphate was found ahnost directly related with the concentration of Surf Excel. 
Potassium, however, did not show any statistical difference in all water samples ranging 
from 0 to 50 ppm of Surf Excel (Table 22). 
c) Growth responses of duckweed community 
Table 23 shows the data on the population growth of Lemna minor and Spirodela 
polyrrhiza grown together in large earthen pots (Plate 12) containing tap water with 
varying concentrations of Surf Excel detergent powder. When grown together both the 
selected species were found in the state of interspecific competition. The growth rates of 
both the species slowed down as compared to their growth responses recorded in the 
experiments with single species The Surf Excel promoted the growth of both of Lemna 
minor and Spirodela polyrrhiza in almost all the concentrations. Highest impact on 
population growth of both the species was recorded in 30 ppm of Surf Excel. The over all 
pattern of response of population growth of both the species was almost same as recwded 
on experiments with each species singly. Both the species (in all treatments) showed an 
increase in their population with the growth stage. However, at early growth stage both 
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Table 23. Population growth (in numbers) of Lemna minor and Spirodela polyrrhiza 
treated collectively in large earthen pots with varying concentrations of Surf 
Excel detergent powder. 
Growth 
stage 
(in days) 
3 
(48 hrs) 
5 
(96 hrs) 
7 
(144 hrs) 
9 
(192 his) 
11 
(240 hrs) 
Species 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
0 
140±8.58 
(+40%) 
30±1.3 
(+50%) 
170±8.6 
(+70%) 
38±7.0 
(+90%) 
193±7.0 
(+93%) 
43±2.9 
(+110%) 
211±6.2 
(+110%) 
46±5.3 
(+130%) 
221±4.3 
(+121%) 
49±2.1 
(+140%) 
10 
156±7.8 
(+56%) 
32+2.9 
(+60%) 
I92±10.7 
(+92%) 
41±4.5 
(+105%) 
220±8.6 
(+120%) 
46±3.7 
(+130%) 
243±7.0 
(+143%) 
50±2.9 
(+150%) 
257±5.7 
(+157%) 
53±2.9 
(+165%) 
Concentration (ppm) 
20 
147±6.2 
(+47%) 
33+5.3 
(+65%) 
189+7.8 
(+89%) 
38+4.5 
(+140%) 
204+4.3 
(+104%) 
45+3.7 
(+125%) 
225+11.2 
(+125%) 
51+2.9 
(+155%) 
245+8.6 
(+145%) 
58+3.7 
(+145%) 
30 
183+8.6 
(+83%) 
36+5.3 
(+80%) 
234+7.8 
(134%) 
46+4.5 
(+130%) 
266+11.0 
(+166%) 
50+3.7 
(+150%) 
283+7.1 
(+183%) 
57+6.1 
(+175%) 
301+4.6 
(+201%) 
65+4.5 
(+225%) 
40 
160+3.3 
(+60%) 
34+2.2 
(+70%) 
196+4.6 
(+96%) 
39+5.3 
(+95%) 
225+7.0 
(125%) 
46+2.9 
(+130%) 
258+12.9 
(+158%) 
48+3.7 
(+140%) 
276+7.0 
(+176%) 
50+1.3 
(+150%) 
50 
151+7.0 
(+51%) 
36±2.9 
(+80%) 
184+7.0 
(+84%) 
42+2.1 
(+110%) 
209+7.0 
(109%) 
47i2.l 
{•i-135%) 
229+10.8 
(+129%) 
51+1.7 
(+55%) 
235+14.6 
(+135%) 
54+2.9 
(+170%) 
Mean ± SD, within parenthesis per cent variation over the population at day-1 stage 
with 100 individuals oi Lemna and 20 individuals of Spirodela 
ANOVAofTable23 
Replicates 
Treatments 
Days 
Interaction 
Error 
Species 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
d.f 
2.0 
2.0 
5.0 
5.0 
4.0 
4.0 
20.0 
20.0 
58.0 
58.0 
Total S.S. 
11.7 
0.6 
22627.2 
1318.397 
102285.9 
4225.6 
1519.352 
107.6 
1430.352 
167.4 
M.S.S. 
5.8 
0.3 
4525.4 
263.7 
25571.5 
1056.4 
75.9 
5.4 
24.7 
2.9 
F. ratio 
0.24 
0.10 
183.5 
91.4 
1036.910 
366.0 
3.1 
1.9 
L.S.D. at 5% 
3.70 
1.27 
3.38 
1.16 
3.08 
1.86 
(L = Lemna minor; S = Spirodela polyrrhiza) 
sjod sqj 
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the species showed a relatively lesser impact of competition. The smaller duckweed 
Lemna minor showed lesser sensitivity to the competition in the Solution of Surf Excel as 
compared to their individual performances in the solution (Table 17, 20 and 23). The 
competition was more severe at older stage, although adequate space and nutrients were 
available (Plate 12, Table 23). 
The growth and biomass responses of the two selected weeds namely Lemna 
minor and Spirodela polyrrhiza grown in combination are summarized in table 24. The 
statistical analysis revealed that 30 ppm Surf Excel significantly increased the dry weight 
accumulation in both the species. The total chlorophyll as well as chlorophyll a and b 
contents in Lemna minor and Spirodela polyrrhiza were significantly higher in plants 
grown in 30 and 40 ppm solution of Surf Excel. The nitrogen uptake in both the 
duckweeds increased significantly on treatments with 30 ppm of Surf Excel. The 
phosphorus uptake was recorded to be significantly high in both the species treated with 
Surf Excel solutions. The highest phosphorus uptake in both the species was recorded at 
30 ppm of the detergent used. A significant increase in potassium uptake was recorded in 
Lemna minor at higher concentrations of Surf Excel. Spirodela polyrrhiza had 
significantly highest potassium uptake at 30 ppm of Surf Excel (Table 24). 
Water quality 
The data on the physico-chemical characteristics of varying concentrations of Surf 
Excel powder including the control containing 0 ppm of the detergent in tap water are 
summarized in table 25. The turbidity and pH showed a consistent increase with the 
concentration level of the detergent. However, statistically significant increase in the 
turbidity and pH was noted at at 30 ppm or higher concentration of Surf Excel (as 
compared to the control). With some variations, the dissolved oxygen consistently 
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decreased with increase in the detergent concentration. The dissolved oxygen was thus, 
inversely related with the duckweed population as well. The nitrates contents in the Surf 
Excel solution significantly reduced as compared to the control. The potassium content 
did not show any statistical difference in all concentration levels. However, despite high 
uptake of the phosphorus in the duckweed a significant amount of phosphate 
accumulated in the Surf Excel solutions of all grades used (Table 25). 
Effect of temperature 
a) Sensitivity of Lemna minor 
The data summarized in table 26 show the population growth of Lemna minor 
treated with varying concentrations of Surf Excel at varying temperatures. The data were 
recorded at 3"^ ,^ 5*^ , 7''', 9*^  and 11"" day of the inoculation of 10 plants in each replicate of 
all doses. The population of Lemna minor did not differ significantly in all concentration 
levels of Surf Excel maintained at \(fC temperature. The optimum increase in population 
was recorded at 30°C in all concentrations of Surf Excel. The maximum population 
growth was recorded in 40 ppm of Surf Excel at 30 C on 11* day. The high temperatures 
of 40°C and 50°C were deleterious to population of Lemna minor in all selected 
concentrations of Surf Excel including control (Table 26). 
The data on dry weight, chlorophyll content and NPK of Lemna minor recorded at 
11'''day of treatment or after their death (at an early stage in response to high 
temperatures) are summarized in Table 27. The greater quantity of matter accumulation 
was noted on treatment with 30 and 40 ppm of Surf Excel at 20° and 30''C temperatures. 
The nitrogen accumulation was optimum at 3>(fC in the plants treated with 30 and 40 ppm 
of Surf Excel. The optimum uptake of phosphorus was noted on treatment with 50 ppm of 
Table 26. Population growth (in number) of Lemna minor treated in small plastic pots 
treated with varying concentrations of Surf Excel detergent powder at varying 
temperature. 
Parameters 
Population 
at day-3 
(48 hrs) 
Population 
atday-5 
(96 hrs) 
Population 
at day-7 
(144 hrs) 
Tetnp. 
(C) 
10 
20 
30 
40 
50 
10 
20 
30 
40 
50 
10 
20 
30 
40 
50 
0 
10±0 
(0%) 
I5±1.6 
(+50%) 
21±2.5 
(+110%) 
17±0.8 
(+70%) 
17±1.6 
(+70%) 
11±0.8 
(+10%) 
19±2.5 
(+90%) 
28±2.5 
. 
10 
10±0 
(0%) 
13+1.6 
(+30%) 
15+0.8 
(+50%) 
15+1.6 
(+50%) 
12+0.8 
(+20%) 
10+0 
(+0%) 
17+1.6 
(+70%) 
23+2.5 
L^^/llVWI 
20 
10+0 
(0%) 
15+1.6 
(+50%) 
18+1.6 
(+80%) 
15+2.5 
(+50%) 
14+0.8 
(+40%) 
10+0 
(+0%) 
19+1.6 
(+90%) 
26+2.5 
30 40 
10+0 lO+O 
(0%) (0%) 
15+1.6 18+2.5 
(+50%) (+80%) 
19+2.5 23+2.5 
(+90%) (+130%) 
15+1.6 19+2.5 
(+50%) (+90%) 
14+0.8 16+1.6 
(+40%) (+60%) 
10+0 10+0 
(+0%) (+0%) 
19+1.6 22+2.5 
(+90%) (+120%) 
28+2.5 34+2.5 
LSD at 5% 
50 i 
i 
10+0 i 
(0%) 1 
14+1.6 
(+40%) 
18+2.5 
(+80%) 
13+1.6 
(+30%) 
12+1.6 
(+20%) 
10+0 
(+0%) 
18+1.6 
(+90%) 
25+2.5 
(+180%) (+130%) (+160%) (+180%) (+240%) (+150%) 
21+1.6 
(+110%) 
0±0 
(-100%) 
12±0.8 
(+20%) 
22±2.5 
(+120%) 
33±2.5 
(+230%) 
0+0 
(-100%) 
0±0 
(-100%) 
17+1.6 
(+70%) 
0+0 
(-100%) 
10+0 
(+0%) 
19+1.6 
19+1.6 
(+90%) 
0+0 
(-100%) 
11+0.8 
(+10%) 
21+1.6 
17+1.6 23+2.5 
(+70%) (+130%) 
0+0 0+0 
(-100%) (-100%) 
10+0 11+0 
(+0%) (+10%) 
22+1.6 26+2.5 
15+1.6 
(+50%) 
0+0 
(-100%) 
10+0 
(+0%) 
20+0.8 
(+90%) (+110%) (+120%) (+160%) (+100%) 
27+2.5 30+2.5 31+2.5 39+2.5 28+2.5 
(170%) (+200%) (+210%) (+290%) (+180%) 
0+0 0+0 0+0 0+0 0±0 
(-100%) (-100%) (-100%) (-100%) (-100%) 
0+0 
(-100%) 
0+0 
(-100%) 
0+0 0+0 
(-100%) (-100%) 
0+0 
(-100%) 
Treatment 
= 1SS 
Temperatuie 
= 1.69 
Interaction 
= 4.14 
TreaUnent 
= NS 
Temperature 
= 1.67 
Interaction 
= 4.09 
Treatment 
= 2.097 
Temperature 
= 1.914 
Interaction 
= 4.689 
Population 
at day-9 
(192 hrs) 
10 
20 
30 
40 
50 
12±0.8 n±0.8 12±0.8 11±0.8 12±1.6 14i].6 | 
(+20%) (+10%) (+20%) (+10%) (+20%) (+40%) \ 
25±2.5 22±1.6 23±1.6 25±2.5 30±2.5 32±2.5 !Treatment 
(+150%) (+120%) (+130%) (+150%) (+200%) (+320%)i= 1.64 
37±2.5 32±1.6 34±2.5 35±2.5 43±3.6 47±3.6 iTemperature 
(+270%) (+220%) (+240%) (+250%) (+330%) (+370%)!= 1.50 
0±0 0±0 0±0 0±0 0±0 0±± j Interaction 
(-100%) (-100%) (-100%) (-100%) (-100%) (-100%) 1=3.68 
0±0 0±0 0±0 0±0 0±0 0±± I 
(-100%) (-100%) (-100%) (-100%) (-100%) (-100%)! 
Population 
at day-11 
(240 hrs) 
10 
20 
30 
40 
50 
TteatmcRt 
= NS 
Temperature 
= 1.90 
Interaction 
= 4.63 
Mean ± SD, within parenthesis per cent variation over the control on day-1 stage 
having 10 individuals. 
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Surf Excel at 20°C temperature. The most noticeable changes in phosphorus uptake were 
recorded in almost all treatments maintained at 20° and 30°C temperatures. The potassium 
uptake was also significantly higher in most of the treatments at 20°, 30° and 40°C. The 
optimum uptake in potassium was recorded in plants treated with 40ppm of Surf Excel at 
20° C temperature (Table 27). 
Water quality 
The data summarized in the table 28 show the physico-chemical characteristics 
of the wzter samples with varying concentrations of Surf Excel maintained at 5 
temperature ranges and studied at 11* day of growth experiments with of Lemna minor. 
The pH and turbidity of water shows marginal but consistent increase with the detergent 
concentration at all temperature regimes. The dissolved oxygen reduced significantly in 
almost all treatn^nts of Surf Excel with respect to control at 20°and 30°C temperature. 
No significant difference in accumulation of nitrates was recorded between all the 
treatments. The interaction of temperature and treatment also did not show any statistical 
difference. The phosphates were significantly high and the quantity consistently increased 
with the concentration of Surf Excel. The phosphate accimiulation of water was 
statistically found directly related with temperature. With one exception there was no 
statistical difference in potassium accumulation in all treatments including control. 
Similarly temperature also did not affect the potassium content of the solution. It was 
noticeable that the population of Lemna minor had high morality in higher concentration 
and temperature levels (Table 28). 
b) Sensitivity of Spirodela potyrrhiza 
Table 29 comprises the data on the population growth of Spirodela polyrrhiza 
treated with varying concentrations of Surf Excel at varying temperatures. The population 
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Table 29. Population growth (in number) of Spirodela polyrrhta treated in small 
plastic pots treated with varying concentrations of Surf Excel at varying temperature. 
Parameters 
Population 
at day-S 
(48 hrs) 
Population 
at day-5 
(96 hrs) 
Population 
at day-7 
(144 hrs) 
Temp. 
CO 
10 
20 
30 
40 
50 
10 
20 
30 
40 
50 
10 
20 
30 
40 
50 
Concentration (ppm) 
0 10 20 30 40 50 
1 
5±0.0 5±0.0 5±0.0 5±0.0 5±0.0 5±0.0 
(+0%) (+±%) (+0%) (+0%) (+0%) (+0%) 
6±0.5 6±0.5 7±0.5 7±0.5 7±0.5 7±0.5 
(+20%) (+20%) (+40%) (+40%) (+40%) (+40%) 
9±1.9 7±1.3 10±2.1 9±1.7 9±0.5 9±0.5 
(+80%) (+40%) (+100%) (+80%) (+80%) (+80%) 
7±1.3 7±0.5 9+1.3 6±1.3 7+1.3 7±1.3 
(+40%) (+40%) (+80%) (+20%) (+40%) (+40%) 
7±2.1 6±1.5 8±2.1 6+1.3 7±1.3 7±1.3 
(+40%) (+20%) (+60%) (+20%) (+40%) (+40%) 
5+0.0 5+0.0 5+0.0 5+0.0 6+0.0 5+0.0 
(+0%) (+0%) (+0%) (+0%) (+20%) (+0%) 
9+2.1 8+2.1 11+0.9 9+0.5 9+2.1 9+0.5 
(+80%) (+60%) (+120%) (+80%) (+80%) (+80%) 
12+0.5 11+1,3 15+1.3 12+2.1 12+1.3 13±2.1 
(+140%) (+120%) (+200%) (+140%) (+140%) (+160%) 
9+1.3 8+1.3 11+1.3 7+1.3 10+1.3 8+1.3 
(+80%) (+60%) (+120%) (+40%) (+100%) (+60%) 
0+0.5 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 
(-100%) (-100%) (-100%) (-100%) (-100%) (-100%) 
6+0.5 5+0.0 6+0.5 5+0.0 6+0.5 5+0.0 
(+20%) (+0%) (+20%) (+0%) (+20%) (+0%) 
10+0.5 9+0.0 12+1.3 10+1.7 11+1.3 10±1.3 
(+100%) (+80%) (+140%) (+100%) (+120%) (+100%) 
14+1.3 13+0.5 18+0.5 14+1.3 15+2.1 15±1.7 
(+180%) (160%) (+260%) (+180%) (+200%) (+200%) 
10+1.6 8+1.3 12+1.3 8+0.5 11+1.3 I0±1.3 
(+100%) (+60%) (+140%) (+60%) (+120%) (+100%) 
0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 
(-100%) (-100%) (-100%) (-100%) (-100%) (-100%) 
LSD at 5% 
Treatment 
= 0.91 
Tcmpcratute 
= 0.83 
Interaction 
= NS 
Treatment 
= 0.84 
Temperature 
= 0.77 
Interaction 
= NS 
Treatment 
= 0.84 
Temperature 
= 0.77 
Interaction 
= 'NS 
Population 
at day-9 
(192 hrs) 
Population 
atday-ll 
(240 hrs) 
10 
20 
30 
40 
50 
10 
20 
30 
40 
50 
6±0.5 5±0.0 7±0.5 5±0.0 6±0.5 6±0.5 
(+20%) (+0%) (+40%) (+0%) (+20%) (+20%) ! 
12±0.5 10±1.3 I4i:1.9 n±1.3 12±1.7 I2±2.l [Treatment 
(+140%) (+100%) (+180%) (+120%) (+140%) (+140%)!= 0.77 
18±1.3 15±1.7 20±1.3 I6±1.7 17i:2.1 17±1.7 JTemperature 
(+260%) (+200%) (+300%) (+220%) (+240%) (+240%)!= 0.70 
1 
OiO.O OiO.O OiO.O OiO.O 0±0.0 OiO.O [interaction 
(-100%) (-100%) (-100%) (-100%) (-100%) (-100%) 1= 1.72 
0+0.0 0±0.0 0±0.0 0+0.0 0±0.0 OiO.O 1 
(-100%) (-100%) (-100%) (-100%) (-100%) (-100%) 1 
6±0.5 6±0.5 7±0.5 6±0.5 6+0.5 6i0.5 
(+20%) (+20%) (+40%) (+20%) (+20%) (+20%) 
12+0.5 12+2.1 15+1.3 12+2.1 13+0.5 13+1.3 Treatment 
(+140%) (+140%) (+200%) (+140%) (+160%) (+160%) =0.75 
18+1.3 17+2.1 22+2.1 18±1.7 19+1.3 19+1.3 Temperature 
(+260%) (+240%) (+340%) (+260%) (+280%) (+280%) =0.69 
0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 [Interaction 
(-100%) (-100%) (-100%) (-100%) (-100%) (-100%) 1= 1.68 
0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 
(-100%) (-100%) (-100%) (-100%) (-100%) (-100%) 
Mean ± SD, within parenthesis per cent variation over day-1 stage with 5 individuals. 
94 
of Spirodela at 10°C did not show significant growth of population (with some 
exceptions) in all concentrations of the detergent. The population of Spirodela polyrrhiza 
increased significantly at 20''and SOT in all concentrations of the detergent. The 
Spirodela polyrrhiza after a minor population increase did not survive by the 5*day stage 
at 50T. In all detergent concentrations, the population of Spirodela polyrrhiza continued 
to increase at 20" and 30"C temperature up to 11*^  day of observation (Table 29). 
The data sunmiarized in table 30 show the growth response of Spirodela 
polyrrhiza treated in small pots with varying concentration of Surf Excel at varying 
temperatures. The dry weight accumulation significantly decreased in Spirodela 
polyrrhiza maintained at 40° and 50°C in all treatments levels. The dry weight 
accumulation of Spirodela polyrrhiza was, however, statistically similar in all 
concentrations maintained at 10°, 20° and 30°C. Significant reductions in dry weight and 
chlorophyll content were noted in all treatments maintained at 40° and 50°C temperature 
(as recorded in the samples collected either on 5*day, 9* day or after the termination of 
the experiment at ll'^'day). Nitrogen uptake was optimum in 40 ppm concentration at 
20°and 30°C. Significantly a higher amount of phosphorous uptake was recorded at 
20°and 30°C temperatures in all doses of Surf Excel. The uptake of phosphorous was also 
relatively higher in all concentrations of Surf Excel at 10°C but the uptake of phosphorous 
did not show any significant decrease at 40°C of temperature. The potassium uptake in 
lower doses showed some increase up to 40°C temperature and in higher doses only up to 
20°C of temperature (Table 30). 
Water quality 
The data summarized in table 31 show the physico-chemical properties of the 
detergent solution as studied after the growth of Spirodela polyrrhiza at varying 
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temperature levels. The turbidity was recorded to be significantly high in 20 ppm and 
higher detergent concentrations at almost all temperature levels as compared to their 
corresponding control. The pH of the solutions showed a consistent increase with the 
concentration level. The pH of the 40 and 50 ppm of the detergent solution was noted to 
be highest at 40''and SO^ C temperatures. The dissolved oxygen at lower temperature did 
not show any statistical difference between control and all concentrations of the detergent 
solution. However, at 20° and 30''C, the dissolved oxygen significantly reduced in 40 and 
50 ppm of Surf Excel as compared to their respective controls. At 40° and 50°C 
temperatures the dissolved oxygen was statistically equal (P>0.05) in all detergent 
concentrations including control. In Surf Excel solutions there were minor reductions in 
nitrates specifically at 20°C and 30°C. There was no significant difference in the 
potassium content in all the solutions. However, the phosphate content showed a 
noticeable difference. The greater phosphate content was recorded in the solutions of 
higher detergent concentrations. Even 10 ppm of Surf Excel solutions had significantly 
higher amount of phosphate as compared to control (TaJblQ 31). 
Effect of pH 
a) Sensitivity of Lemna minor 
Table 32 comprises the data on population growth of Lemna minor treated in 
small plastic pots with varying concentrations of Surf Excel at varying pH levels. The 
statistical analysis revealed that the lower pH in almost all the concentration of the 
detergent jM-omoted faster growth oi Lemna minor as observed at all growth stages. The 
population growth was inversely proportional to pH levels. The maximum population was 
recorded in the acidic pH range (6.0 to 6.5) at 11*^  day stage in 30 to 50 ppm of Surf 
Table 32. Population growth (in number) of Lemna minor treated in small plastic pots 
with varying concentrations of Surf Excel at varying pH levels. 
Parameters pH 
Concentration (ppm) 
0 10 20 30 40 50 
LSD at 5% 
Population 
at day-3 
(48 hrs) 
8.0 
7.5 
7.0 
6.5 
6.0 
14±2.5 
(+40%) 
14±0.8 
(+40%) 
15±0.8 
(+50%) 
17+1.6 
(+70%) 
18+1.6 
(+80%) 
15+0.0 
(+50%) 
14+2.5 
(+40%) 
16+1.6 
(+60%) 
19+0.8 
(+90%) 
19+2.4 
(+90%) 
12+1.6 
(+20%) 
14+2.4 
(+40%) 
15+1.6 
(+50%) 
18+0,8 
(+80%) 
18+1.6 
(+80%) 
17+0.8 
(+70%) 
18+1.6 
(+80%) 
21+0.0 
(+110%) 
20+2.3 
(+100%) 
20+1.6 
(+100%) 
16+0.0 
(+60%) 
16+3.3 
(+60%) 
17+1.6 
(+70%) 
20+1.6 
(+100%) 
19+0.8 
(+90%) 
17+2.5 
(+70%) 
18+1.6 
(+80%) 
19+3.3 
(+90%) 
20+0.8 
(+100%) 
20+1.6 
(+100%) 
Treatment 
= 1.5 
pH=I.4 
Interaction 
= NS 
Population 
at day-5 
(96 hrs) 
8.0 
7.5 
7.0 
6.5 
6.0 
20+0.8 
(+100%) 
22+1.6 
(+120%) 
24+2.5 
(+140%) 
28+3.3 
(+180%) 
25+0.0 
(+150%) 
20+2.5 
(+100%) 
24+2.5 
(+140%) 
25+0.8 
(+150%) 
23+3.3 
(+130%) 
29+1.6 
(+190%) 
18+3.3 
(+80%) 
20+1.6 
(+100%) 
22+0.8 
(+120%) 
26+2.5 
(+160%) 
25+2.5 
(+150%) 
26+3.3 
(+160%) 
26+0.8 
(+160%) 
29+4.9 
(+190%) 
30+2.9 
(+200%) 
32+1.6 
(+220%) 
25+4.1 
(+150%) 
24+3.3 
(+140%) 
28+1.6 
(+180%) 
33+2.5 
(+230%) 
30+1.6 
(+200%) 
24+3.3 
(+140%) 
26+2.5 
(+160%) 
29+1.6 
(+190%) 
34+4.9 
(+240%) 
34+6.5 
(+240%) 
Treatment 
= 2.9 
pH = 2.6 
Interaction 
= NS 
Population 
at day-7 
(144 hrs) 
8.0 
7.5 
7.0 
6.5 
6.0 
25+2.5 
(+150%) 
27+2.5 
(+170%) 
30+0.8 
(+200%) 
! 35±!.6 
'(+250%) 
34+3.3 
(+240%) 
27+1.6 
(+170%) 
31+0.8 
(+210%) 
32+1.6 
(+220%) 
36+4.9 
(+260%) 
35+1.6 
(+250%) 
23+0.8 
(+130%) 
25+1.6 
(+150%) 
27+1.6 
(+170%) 
30+4.1 
(+200%) 
30+2.5 
(+200%) 
34+1.6 
(+240%) 
34+2.5 
(+240%) 
37+1.6 
(+270%) 
43+4.1 
(+330%) 
41±1.6 
(+310%) 
32+1.6 
(+220%) 
32+4.! 
(+220%) 
34+0.8 
(+240%) 
39±5.7 
(+290%) 
38±4.1 
(+280%) 
34+3.3 
(+240%) 
34+4.9 
(+240%) 
Treatment 
= 3.0 
38+4.9 I „ ,, „ 
(+280%)iP" = --^ 
41+4.9 
(+310%) 
41+7.4 
(+310%) 
Interaction 
= MS 
Population 
atday-9 
(192 hrs) 
8.0 
7.5 
7.0 
6.5 
6.0 
29±5.7 
(+190%) 
32±2.4 
(+220%) 
33+2.4 
(+230%) 
39+4.9 
(+290%) 
37+1.6 
(+270%) 
31+0.8 
(+210%) 
34+3.3 
(+240%) 
36+3.3 
(+260%) 
40+4.1 
(+300%) 
41+1.6 
(+310%) 
27+3.3 
(+170%) 
30+4.1 
(+200%) 
31+0.8 
(+210%) 
34+4.1 
(+240%) 
33+2.4 
(+330%) 
40+5.7 
(+300%) 
42+4.9 
(+320%) 
44+3.3 
(+340%) 
49+6.5 
(+390%) 
48+2.4 
(+380%) 
37+1.6 
(+270%) 
38+2.4 
(+280%) 
42+1.6 
(+320%) 
46+4.9 
(+360%) 
44+5.7 
(+340%) 
39+3.3 
(+290%) 
40+5.7 
(+300%) 
44+2.4 
(+340%) 
49+7.3 
(+390%) 
46+4.1 
(+360%) 
Treatment 
3.7 
pH = 3.3 
Interaction 
= NS 
Population 
at day-11 
(240 hrs) 
8.0 
7.5 
7.0 
6.5 
6.0 
32+4.1 
(+220%) 
34+3.3 
(+240%) 
35+2.4 
(+250%) 
35+2.4 
(+330%) 
41+4.9 
(+310%) 
35+0.8 
(+250%) 
36+2.4 
(+260%) 
39+3.3 
(+290%) 
45+6.5 
(+350%) 
43+4.9 
(+330%) 
30+4.1 
(+200%) 
32+4.1 
(+220%) 
33+3.3 
(+230%) 
36+4.1 
(+260%) 
36+6.5 
(+260%) 
44+3.3 
(+340%) 
46+4.1 
(+360%) 
50+5.7 
(+400%) 
55+6.5 
(+450%) 
55+4.1 
(+450%) 
41+4.9 
(+310%) 
44+4.1 
(+340%) 
46+4.9 
(+360%) 
52+4.1 
(+420%) 
50+4.1 
(+400%) 
43+6.5 
(+330%) 
46+5.7 
(+360%) 
48+2.4 
(+380%) 
55+4.9 
(+450%) 
52+3.3 
(+420%) 
Treatment 
4. J 
pH = 3.8 
nteraction 
= NS 
Mean ± SD, within parenthesis per cent variation over the day-1 stage with 10 
individuals. 
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Excel as compared to control (Table 32). 
The data on the growth responses of Lemna minor treated at varying pH levels 
with varying concentrations of Surf Excel detergent are summarized in table 33. In 
contrary to the impact on population growth, the pH and variation in detergent 
concentration did not affect the dry matter accumulation of Lemna minor. Similarly there 
was no impact on chlorophyll content and potassium uptake but there was a significant 
increase in nitrogen and phosphorus uptake. The uptake of nitrogen and phosphorus was 
significantly higher at lower pH and in higher concentrations of Surf Excel. On treatment 
with 50 ppm of Surf Excel, the optimum nitrogen uptake was recorded at 7.0 pH. The 
optimum increase in phosphorus uptake was recorded at pH 6.5 and concentration level of 
40 and 50 ppm (Table 33). 
Water quality 
Table 34 shows the data on physico-chemical properties of the water samples 
studied after the growth of Lemna minor at varying pH and detergent concentrations. The 
statistical analysis revealed that there was no significant difference in turbidity, DO, 
nitrates and potassium contents in water. However, in the detergent solutions there was 
significantly higher level of phosphates directly related with the concentration levels. But 
no significant difference in phosphate content was recorded at varying pH and 
concentration levels of the detergent (Table 34). 
b) Sensitivity of Spirodela pofyrrhiza 
The data summarized in table 35 shows the impact of varying pH and 
concentrations of Surf Excel detergent on the population growth of Spirodela pofyrrhiza. 
At early growth stage, there was no statistical difference in population of Spirodela 
pofyrrhiza between pH 6.5 to 8.0 in the control. But there was relatively higher 
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Table 35. Population growth (in number) of Spirodelapolyrrhiza treated in small plastic pots 
with varying concentrations of Surf Excel at varying pH levels. 
Parameters 
Population 
at day-3 
(48 hrs) 
Population 
at day-5 
(96 hrs) 
Populatiou 
at day-7 
(144 hrs) 
pH 
8.0 
7.5 
7.0 
6.5 
6.0 
8.0 
7,5 
7.0 
6.5 
6.0 
8.0 
7.5 
7.0 
6 5 
6.0 
0 
7i:2.1 
(+40%) 
7±0.9 
(+40%) 
8±1,7 
(+60%) 
8±1.3 
(+60%) 
9±1.3 
(+80%) 
10±0.5 
(+100%) 
12±2.1 
(+140%) 
12±2.9 
(+160%) 
13±2.9 
(+160%) 
14±2.1 
(+180%) 
13±1.3 
(+160%) 
15±1.9 
(+200%) 
15±1 3 
(+200%) 
16±0.5 
(-^220%) 
17±0.5 
(+240%) 
10 
8±2.1 
(+60%) 
8±2.5 
(+60%) 
8±1.9 
(+60%) 
9+1.7 
(+80%) 
10±1.3 
(+100%) 
12±1.9 
(+140%) 
12+0.5 
(+140%) 
n±2.\ 
(+160%) 
14+4.1 
(+180%,) 
15+1.3 
(+200%) 
15±3.4 
(+200%) 
16+2.9 
(+222%) 
16+1 3 
(+220%) 
18±0.9 
(+260%) 
I8±0.9 
(+260%) 
Concentration (ppm) 
20 
7+1.3 
(+40%) 
7±0.5 
(+40%) 
7±\.9 
(+40%) 
8+1.7 
(+60%) 
9+2.1 
(+80%,) 
10+1.7 
(+100%) 
11 + 1.6 
(+120%) 
n + 1 . 3 
(+120%) 
12+0.5 
(+140%) 
13+1.3 
(+160%) 
12+1.3 
(+140%) 
14+1.3 
(+180%) 
14+2.9 
(+180%) 
I5±2.9 
(+200%) 
16+2.9 
(+220° b) 
30 
8+1.3 
(+60%) 
9+0.5 
(+80%)) 
9+2,1 
(+80%) 
10+1.7 
(+100%) 
10+2.1 
(+100%,) 
12+2.9 
(+140%) 
13+1.3 
(+160%) 
14+0.5 
(+180%) 
15+2.1 
(+200%,) 
16+3.7 
(+220%) 
16+1.3 
(+220%) 
17+2.9 
(+240%) 
18+2.9 
(•-260%) 
I9±0.9 
(-280%) 
19+0.9 
(+280%) 
40 
8+1.3 
(+60%) 
9+0.5 
(+80%) 
\ 0 t \ . 3 
(+100%) 
10+1.7 
(+100%) 
10+2.5 
(+100%,) 
13+1,3 
(+160%) 
13+2.9 
(+160%) 
14+1.7 
(+180%) 
15+1.7 
(+200%,) 
16+1.3 
(+220%) 
17+0.5 
(+240%,) 
17+1.3 
(+240%) 
18+2.1 
(+260%) 
19+2 1 
(+280%) 
20+1.3 
(+300%) 
50 
6+1.3 
(+20%) 
7+1.9 
(+40%) 
(+40%) 
8+2.1 
(+60%) 
8+1.3 
(+60%o) 
9+1.3 
(+80%) 
10+1.3 
(+100%,) 
10+0.5 
(+100%) 
12+2.1 
(+I40''/o) 
12+2.1 
(+140%) 
11+1.3 
(+120%) 
13+2.1 
(+160%) 
13+1.7 
(+160%) 
14+2.9 
(+180»/o) 
14+2.1 
(+180%) 
LSD at 5% 
Treatment 
= 1.14 
p H = 1 . 0 4 
Interaction 
= NS 
Treatment 
= 1.15 
p H = 1.05 
Interaction 
= NS 
Treatment 
= 1 82 
p H = 1 66 
Interaction 
= 'NS 
Continued ... 
Parameters 
Population 
at day-9 
(192 hrs) 
Population 
at day-11 
(240 hrs) 
pH 
8.0 
7.5 
7.0 
6.5 
6.0 
8.0 
7.5 
7.0 
6.5 
6.0 
0 
15±2.1 
(+200%) 
17±2.1 
(+240%) 
17±2.9 
(+240%) 
19±1.3 
(+280%) 
19±1.3 
(+280%) 
17±2.1 
(+240%) 
18±4.5 
(+260%) 
19±1.3 
(+280%) 
21±2.1 
(+320%) 
21±].3 
(+320%) 
10 
18±2.9 
(+260%) 
19+1.3 
(+280%) 
20±4.5 
(+300%) 
21±1.3 
(+320%) 
22±2.1 
(+340%) 
20±2.9 
(+300%) 
22+2.1 
(+340%) 
22±2.9 
(+340%) 
24+1.3 
(+380%) 
25±2.9 
(+400%) 
Concentration (ppm) 
20 
14+1.3 
(+180%) 
16±5.3 
(+220%) 
16+3.7 
(+220%) 
17+0.5 
(+240%) 
18+2.9 
(+260%) 
16+0.8 
(+220%) 
17+2.9 
(+240%) 
17+2.9 
(+240%) 
19+1.3 
(+280%) 
20+3.4 
(+300%) 
30 
19+1.4 
(+280%) 
20+1.3 
(+300%) 
22+3.3 
(+340%) 
22+2.9 
(+340%) 
23+1.3 
(+360%) 
21+2.1 
(+320%) 
23+1.3 
(+360%) 
23+2.9 
(+360%) 
25+2.9 
(+400%) 
26+1.3 
(+420%) 
40 
20+2.1 
(+300%) 
21+1.3 
(+320%) 
21+2.9 
(+320%) 
23+1.9 
(+360%) 
23+2.9 
(+360%) 
22+1.3 
(+340%) 
23+2.9 
(+360%) 
24+3.7 
(+380%) 
26+2.2 
(+420%) 
26+1.3 
(+420%) 
50 
13+1.3 
(+160%) 
15+2.1 
(+200%) 
14+2.9 
(+180%) 
16+3.7 
(+220%) 
16+0.5 
(+220%) 
15+4.5 
(+200%) 
16+1.3 
(+220%) 
16+2.1 
(+220%) 
17+2.9 
(+240%) 
17+2.1 
(+240%) 
LSD at 5% 
Treatment 
= 2.24 
pH=2.05 
Interaction 
= NS 
Treatment 
= 1.13 
pH = 1.03 
Interaction 
= NS 
Mean + SD, within parenthesis per cent variation over the day-1 stage with 5 individuals. 
97 
population in the control at lower pH (6.0). A similar trend of response was recorded in 
all treatments of Surf Excel at day-S'^ ^ stage. At day-5*, the population growth in all 
detergent concentrations of the alkaline ranges was relatively lesser than the population of 
Spirodela polyrrhiza at acidic pH range in respective detergent concentrations. The 
optimum population growth of Spirodela polyrrhiza was observed at acidic pH 6.0 and 
6.5 at detergent levels of 30 and 40 ppm. In 50 ppm of Surf Excel the population growth 
of Spirodela polyrrhiza showed a decline as compared to control at all growth stages 
(Table 35). The population growth of Spirodela polyrrhiza showed a direct relationship 
with increase in the concentration of Surf Excel up to 50 ppm at almost all pH levels. The 
population growth at all growth stages was also observed to be related with the pH level. 
There was a consistent increase in the population of Spirodela polyrrhiza with decrease in 
pH levels in almost all treatments including control. 
The data summarized in table 36 shows the growth response of Spirodela 
polyrrhiza grown in varying concentrations of Surf Excel at varying pH levels. The dry 
matter accumulation was recorded to be higher at acidic pH (6.0-6.5 pH) in almost all 
detergent concentrations including the control. The chlorophyll contents in Spirodela 
polyrrhiza also increased significantly when treated with higher concentrations of Surf 
Excel (30 to 50 ppm) at lower pH (6.0 and 6.5). There was statistically no significant 
impact of pH on potassium uptake at each concentration levels. The uptake of potassium 
was, however, observed to be higher in plants grown in 30 and 50 ppm of Surf Excel at 
all ranges of pH. The uptake of nitrogen was mainly related with the concentrations of 
detergent. The nitrogen uptake was enhanced with decrease in pH and increase in the 
concentration level of detergent. The uptake of phosphorus was found related specifically 
with the detergent concentration rather than pH. The significant uptake of phosphorus in 
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Spirodela polyrrhiza was recorded in 30, 40 and 50 ppm detergent solution at almost all 
pH levels ranging from 6.0 to 8.0 (Table 36). 
Water quality 
Table 37 comprises the data on the physico-chemical characteristics of water with 
varying concentrations of Surf Excel analyzed after the growth oi Spirodela polyrrhiza. A 
glance on the data shows that the turbidity was higher in the solutions of acidic pH 6.0 
than in the solution of alkaline pH 8.0. The turbidity was also found to be higher in the 
detergent solution of 40 and 50 ppm concentration. The turbidity of the detergent 
solutions at all pH levels was higher. The dissolved oxygen consistently decreased with 
the increase in the concentration of Surf Excel at all pH levels. The dissolved oxygen at 
lower pH showed a significant reduction even at lower concentration of the detergent. 
The nitrate content was highest in control at neutral pH. The nitrates at pH 8.0 did not 
show much variation at 10 ppm concentration. But at higher concentration (50ppm), the 
nitrate contents were lower at pH 6.5 to 7.5 than in control (probably due to greater 
uptake). The phosphates were more significantly related with the concentration of Surf 
Excel and not with the pH. The potassium contents were slightly lower in Surf Excel 
solutions as compared to control probably due to higher uptake of potassium (Table 37). 
Correlation and Regression Studies 
Figures 5 and 6 show the linear and curvilinear regression lines with their 
correlation coefficients between the growth rates and growth stages of Lemna minor. The 
Lemna minor grown in tap water (0 ppm detergent) and that treated with 10 ppm of Ariel 
detergent cake did not show any significant correlation between growth rate and growth 
stage. The correlation coefficients were significant on treatment with 30 and 50 ppm of 
Ariel detergent cake. TTie lower concentrations of Doctor detergent cake and higher 
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Figure 5. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (wdthin parenthesis) 
between growth rate and stage (days) of Lemna minor grown in varying concentrations 
(0, 10, 30 and 50 ppm) of selected detergent cakes in tap water. 
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Figure 6. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) of Lemna minor grown in varying concentrations 
(0, 10, 30 and 50 ppm) of selected detergent cakes in tap water. 
99 
concentration of Nirma had statistically significant curvilinear growth rate and 
correlation coefficient with respect to the days of treatment. The lower and higher 
concentrations of 555 and Ghari detergent cakes showed a significant curvilinear 
relationship with the growth stage. The population growth rate of Lemna sp. at lower 
concentrations of Henko and Rin had a direct relationship with the growth stage. The 
growth rate of Lemna minor treated with Mor and Plus detergents cakes did not show 
significant relationships between growth rate and days of treatment (Figures 5 and 6). 
Figures 7, 8, 9 and 10 show the regression line and equation between the growth 
rate and growth stage of Lemna minor in response to varying concentration of selected 
detergent powders. Treatment with all the doses of selected detergent powders affected 
the growth rate of Lemna minor. The most significant changes in the regression between 
growth rate and growth stage were found in response to all concentrations of Fena, 
Friendly Wash, Mr.White, Nirma Super, Plus Extra, Surf Excel and Time-Zee 
detergents. However, the lower concentrations (10 and 30 ppm) of Cleano, Double Dog, 
Morlight, Rin Supreme and Wheel caused significant changes in the growth rate 
patterns. Only at higher concentrations of Doctor detergent powder, the statistically 
significant correlation between growth rates of and growth stages Lemna minor were 
recorded. Statistically significant correlation between the two parameters of Lemna sp. 
was noted on treatment with 30 and 50 ppm of Ariel, Plus Saving and Surf (Figures 7,9 
and 10). The Lemna minor grown in tap water (0 ppm) showed a significant negative 
linear correlation between growth rate and growth stage. On treatment with detergent 
powders, the degree of correlation and per cent dependence between the two parameters 
increased in response to various concentrations of the selected detergents. The 
relationship was predominantly linear as in case of Friendly Wash, Double Dog, Henko, 
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Figure 7. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) of Lemna minor grown in varying concentrations 
(0, 10, 30 and 50 ppm) of selected detergent powder in tap water. 
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Figure 8. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) of Lemna minor grown in varying concentrations 
(0, 10, 30 and 50 ppm) of selected detergent powder in tap water. 
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9. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) of Lemna minor grown in varying concentrations 
(0, 10, 30 and 50 ppm) of selected detergent powder in tap water. 
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Figure 10. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) of Lemna minor grown in varying concentrations 
(0, 10, 30 and 50 ppm) of selected detergent powder in tap water. 
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Mor, Morlight, Nirma Super, Plus Extra, Plus Saving, Rio Shakti, Rin Supreme, 
Surf Excel, Tide and Time-Zee. Strong curvilinear relationships between the two 
parameters were found in Cleano, Maxcleau, Plus and Wheel detergent powders 
showing an increase in the growth rates with certain growth stage and then a decline at 
older age (Figures 7-10). 
Figures 11 and 12 show the correlation coefficients and regression lines with 
equation between growth rates and growth stages of Spirodela polyrrhiza treated with 
varying concentration of detergent cakes. Unlike Lemna minor, there was strong and 
significant curvilinear relationship between the growth rate and growth stage of Spirodela 
polyrrhiza grown in the tap water without detergent (Figure 11, broken lines shown with 
Ariel detergent). On treatment with Ariel detergent the correlation became stroi^y 
negative in response to all treatments. Most of the detergent cakes had signiflcant 
curvilinear relationship between the two parameters at higher concentration level. The 
Doctor, 555 and Nirma detergent cakes did not show any significant correlation between 
the two parameters of Spirodela sp. (Figures 11 and 12). 
Figures 13, 14, 15 and 16 show the correlation coefficients, regression lines and 
their significance between growth rates and growth stages of Spirodela polyrrhiza treated 
with varying concentrations of 24 selected detergent powders. The significant correlation 
between growth rates and growth stages were observed in response to lower doses of 
Double Dog, Friendly Wash, Mor and Surf Excel detergent powders. The medium 
doses of Fena, Maxclean, Morlight, Surf Excel and Tide resulted into the stronger 
bonds between the two parameters of the Spirodela polyrrhiza. While only higher doses 
of Time-Zee effectively brought about significant correlation. No significant relationship 
between the two parameters was observed on treatment of Spirodela polyrrhiza with 
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Figure 11. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) of Spirodela polyrrhiza grown in varying 
concentrations (0, 10, 30 and 50 ppm) of selected detergent cakes in tap water. 
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Figure 12. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) of Spirodela polyrrhiza grown in varying 
concentrations (0, 10, 30 and 50 ppm) of selected detergent cakes in tap water. 
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Figure 13. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) ofSpirodela polyrrhiza grown in varying 
concentrations (0, 10, 30 and 50 ppm) of selected detergent powder in tap water. 
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Figure 14. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefBcient (r), ± SE, • significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) of Spirodela pofyrrhiza grown in varying 
concentrations (0, 10, 30 and 50 ppm) of selected detergent powder in tap water. 
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Figure 15. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) of Spirodela polyrrhiza grown in varying 
concentrations (0, 10, 30 and 50 ppm) of selected detei^ent powder in tap water. 
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Figure 16. Regression line (linear or curvilinear as ^plicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stage (days) oiSpirodela polyrrhiza grown in varying 
concentrations (0, 10, 30 and 50 ppm) of selected detergent powder in tap water. 
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Cleano, Ghari, Plus, Rin Shakti and Rin Supreme (Figures 13-16). 
Figure 17 shows correlation coefficients between the growth rate and growth stage 
of Lemna minor and Spirodela polyrrhiza grown singly in separate earthen pots 
containing 15 liters of varying concentrations of Surf Excel in tap water including a 
reference without detergent (control). The Lemna sp. did not show any significant 
correlation between the two parameters in contrary to Spirodela sp. grown in tap water 
only. In Spirodela polyrrhiza the significant correlation between the two parameters were 
observed at 10,40 and 50 ppm of Surf Excel. While in Lemna minor all concentrations of 
Surf Excel resulted into stronger coefficients of correlation between the two growth 
parameters. 
Figure 18 shows the regression lines between growth rate and growth stage of 
Lemna minor and Spirodela polyrrhiza grown jointly in earthen pots containing 15 liters 
of varying concentrations of Surf Excel detergent powder including a control (without 
detergent). In contrary to the experiment with single species the relationship between the 
two parameters of the duckweeds became more significant despite reduction in the 
growth rates. In the experiments conducted in large earthen pots, despite the availability 
of adequate surface area and volume, there was some degree of competition between 
these free floating duckweeds. The two duckweeds, therefore, had more affinity with the 
nutrients showing significant correlation (Figure 18). 
Figure 19 shows the correlation between the growth rate of Lemna minor and 
temperature regimes at varying growth stages. At all growth stages the growth rate 
showed its peak at 30°C temperature in response to all selected doses of Surf Excel. There 
was strong and statistically significant curvilinear relationship between growth rates and 
temperature regimes at early growth stages of Lemna minor (at 3"* and 5* day). 
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Figure 17. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stge (days) of Lemna minor and Spirodeia pofyrrhiza grown 
singly in large earthen pots containing varying concentrations (0, 10, 20, 30, 40 and 50 
ppm) of Surf Excel detergent powder in tap water. 
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Figure 18. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefBcient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate and stge (days) oi Lemna minor and Spirodela polyrrhiza grown 
jointly in large earthen pots containing varying concentrations (0, 10, 20, 30, 40 and 50 
ppm) of Surf Excel detergent powder in tap water. 
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Figure 19. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growtii rate otLemna minor and temperature of varying concentrations 
(0, 10, 20, 30, 40 and 50 ppm) of Surf Excel detergent powder in tap water. 
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Figure 20 shows the correlation coefficients and regression hnes between growth 
rates and temperature regimes at varying growth stages of Spirodela polyrrhiza treated 
with varying doses of Surf Excel. In Spirodela polyrrhiza statistically significant 
curvilinear relationships between the growth rates and temperature were noted until 7* 
day in response to varying doses of Surf Excel. The peak of growth rate was observed at 
30°C temperature. The growth rates were low at lower temperature (10°C) and at higher 
temperatures of 40° and SOT in both the species (Figures 19 and 20). 
Figure 21 shows the regression lines, equations and correlation coefficients 
between growth rates ofLemna minor and the pH maintained at varying concentrations of 
Surf Excel. The stronger, linear and negative correlation between growth rates and pH 
levels were observed at early stages of the growth of Lemna minor indicating that the pH 
had important role only at early growth stage when the individuals of Lemna minor were 
in the state of establishment into the ecosystem. At the older age (9* and 11* day), the 
significant relationships between the two parameters were observed in response to 10-30 
ppm of Surf Excel showing a significant linear decrease in growth rates with increasing 
pH (Figure 21). 
Figure 22 shows the regression line, equation and correlation coefficients with per 
cent dependence of growth rate upon pH in Spirodela polyrrhiza. Statistically significant 
negative correlations between growth rates and pH were observed at early stages of 
growth of Spirodela polyrrhiza in response to all selected treatment with Surf Excel. At 
older stages from 7"^  to 11* day, no such significant correlations between the two 
parameters were observed. This indicates that pH affected the growth rate of both the 
selected duckweeds at early stages of growth irrespective of the phosphorus availability in 
the ecosystem (Figures 21 and 22). 
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Figure 20. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, • significance and per cent dependence (within parenthesis) 
between growA rate of Spirodela pofyrrhiza and temperature in varying concentrations 
(0, 10, 20, 30, 40 and 50 ppm) of Surf Excel detergent powder in tap water. 
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Figure 21. Regression line (linear or curvilinear as applicable) with the equation of y, correlation 
coefficient (r), ± SE, * significance and per cent dependence (within parenthesis) 
between growth rate of Lemna minor and pH in varying concentrations (0, 10, 20, 
30, 40 and 50 ppm) of Surf Excel detergent powder in tap water. 
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Figure 22. Regression line (linear or curvilinear as applicable) vnth the equation of y, correlation 
coefficient (r), ± SE, • significance and per cent dependence (within parenthesis) 
between growth rate and pH of Spirodella pofyrrkoiza grown in varying concentrations 
(0, 10, 20, 30, 40 and 50 ppm) of Surf Excel detergent powder in tap water. 
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DISCUSSION 
In the screening experiments with 36 selected detergents it was recorded that the 
population and dry weight of both the selected duckweeds increased in response to 
varying detergent concentrations. The growth, (both in the form of population and dry 
weight) varied with the detergent types and its concentrations. There were three general 
types of population growth curves (Figure 4). The variation in the type of growth 
response may be due to the variations in the relative proportion of constituents of the 
detergents. There might have been some variation in the relative proportion of the 
phosphorus content as well. It is evident from the experiments with varying 
concentrations of Surf Excel (conducted in the polyvinyl and earthen pots) that enough 
phosphorus was available in the water even after the adequate uptake. Thus, the variation 
in phosphorus content alone may have not caused variation in responses of the duckweeds 
to the selected detergents. The detergents used in the present study might have caused 
varying degree of changes in the water quality parameters. 
Some of the factors which affects the growth and development of the aquatic 
plants include turbidity, temperature, nutrients, dissolved oxygen, CO2, light and pH. 
Shen Dong Sheng and Shen (2002) noted that light intensity, temperature and nutrients 
(mainly phosphorus and nitrogen) influenced the algal population in the river network of 
Zhejiang, China. The phosphorus was considered to be the major determinant in 
regulating the algal biomass (Shen Dong Sheng and Shen, 2002; Kwang-Guk et al., 
2003). All the 36 detergents studied might have resulted into the three major sets of 
aquatic environments with their specific growth responses (Table 9-16, Figure 4). 
The Surf Excel (a commonly used detergent in India) was selected for the detailed 
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studies on the responses of two selected weeds. Both the duckweeds (in screening 
experiment) showed type-B growth curve in response to Surf Excel (Figure 4). The 
optimum growth of both the duckweeds was observed at 30 ppm of Surf Excel. The 
duckweeds were studied for their growth responses in large 15 liters earthen pots and 150 
ml polyvinyl pots to work out the impact of space and volume of the medium. The 
aquatic microcosm systems have been evaluated as a tool for the quantitative description 
of phytoplankton, bacteria their nutrient relationship and nutrient cycling in the 
eutrophication studies (Tsirtsis and Karydis, 1997). 
In the screening experiments with 36 detergents, 3 concentrations of the selected 
detergents (viz., 10, 30 and 50 ppm) were used to study the growth responses of the 
selected duckweeds. However, in the earthen pot experiment, 5 concentration levels (10, 
20, 30, 40 and 50 ppm) of Surf Excel were used. In the later experiment, the peak of 
population growth of Lemna minor was observed at 40 ppm level of Surf Excel (Table 
17). The Surf Excel concentration level up to 50 ppm, however, also increased the dry 
weight accumulation and uptake of phosphorus and nitrogen in Lemna minor. The 
chlorophyll content in Lemna minor increased only at lower concentrations (Table 18). 
The varying concentration of Surf Excel changed the water quality in proportion 
to their concentration as evident from the data summarised in table 19. The pH, turbidity 
and dissolved oxygen varied noticeably with the detergent concentration. The higher pH 
in the present study retarded the population growth of the Lemna minor and Spirodela 
polyrrhiza (Table 32 and 35). It is evident that in addition to phosphate availability, the 
water quality played more effective role in enhancing the population growth of the plants. 
As evident from the data (summarised in Table 32), 50 ppm of Surf Excel detergent at 
lower pH were significantly more effective in promoting the population growth of Lemna 
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minor as compared to higher pH. The water quahty analysis of earthen pots showed 
8.8±0.2 pH at 50 ppm of Surf Excel (Table 18). 
The availability of ions to plant roots has been found to be profoundly affected by 
hydrogen ion concentration. The monovalent phosphate ion (H2PO4') formed at acidic pH 
becomes more readily available to the plants. When the medium approaches towards a 
more alkaline envirormient, first the production of bivalent phosphate (HPO4 ") and 
thereafter the trivalent phosphate (P04 "^) ions is favoured. The bivalent and trivalent 
forms of phosphate ions are not as readily available to the plants as monovalent phosphate 
ions (Devlin and Witham, 1986). The data of table 20 and 21 also suggested that the 40 
ppm of the Surf Excel increased the population growth, dry weight, chlorophyll content 
and uptake of NPK in the Spirodela polyrrhiza. 
It also emerged from the data of the (Tables 17, 18,19, 20, 21, 22, 32 and 35) that 
increasing concentration of Surf Excel resulted into a proportional increase in the pH of 
the water medium. Thus, despite increased availability of phosphate, probably its ionic 
forms consistently changed from monovalent to bivalent and trivalent ions which 
proportionally reduced the uptake of NPK in both the duckweeds at 50 ppm as compared 
to uptake at 40 ppm of Surf Excel (Table 18 and 21). Moreover, the cells in the fronds of 
a Lemna species have proton extrusion pump at the plasmalemma which is responsible 
for the energy-dependent component of the membrane potential (Novacky et al. 1978a, b, 
1980; Loppert, 1979; Jung and Luttge, 1980). This pump is responsible for the uptake of 
sugars, amino acids, phosphates, nitrates and perhaps other inorganic ions by means of 
H -^co transport mechanism (Ullrich-Eberius et al., 1978, 1981; Fischer and Luttge, 1980; 
Bocher et al., 1980 and Lattge et al., 1981). 
Both the duckweeds when grown together in earthen pots, showed relatively 
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reduced growth as compared to the experiment with single species. The Lemna minor 
having lesser absorption area showed relatively lesser reduction in population growth as 
compared to Spirodela polyrrhiza despite a relatively larger absorption surface (Table 17, 
20 and 23). It appears that Lemna minor feasibly absorbed various ionic forms of the 
phosphate more actively and owing to their smaller size required lesser food material for 
the vegetative multiplication. While Spirodela polyrrhiza did not absorb the NPK as 
actively and had relatively greater requirement of food material for the vegetative 
multiplication. The Spirodela polyrrhiza appeared to be more sensitive to pH than the 
Lemna minor. In contrast, Thornton et al. (1986) considered Lemna minor as ecologically 
sensitive species. They (Thornton et al, 1986) have, however, not compared its relative 
responses with Spirodela polyrrhiza under varying water quality. 
The findings of the present work also established the ecological importance and 
sensitivity levels of the Lemna minor. The Lemna minor acclimatized smd adopted well 
when grown in combination with Spirodela polyrrhiza. Aziz and Mobina (1999) reported 
that pH 6.0 was most suitable for two species of Spirodela polyrrhiza and Spirodela 
punctata. The Spirodela polyrrhiza died at pH 4.0. Both the species of Spirodela grew 
quite well up to pH 9. In both the species low pH affected the chlorophyll b formation 
(Aziz and Mobina, 1999). Riis and Sand (1998) found a direct relationship between 
macrophyte distribution and pH, nutrient conditions and transparency of Danish lakes. 
The phosphorus is an important constituent of ATP, ADP, nucleic acids (DNA 
and RNA), phospholipids and proteins. The meiotic cell division in sexual reproduction 
and mitotic cell division in vegetative propagation require greater supply of phosphorus 
for its binding into required nucleic acids, phospholipids and protein etc. When grown 
singly, the phosphorus uptake in Lemna minor at 40 ppm of Surf Excel was almost 23% 
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higher than the control (Table 18). While in combination with Spirodela polyrrhta the 
phosphorus uptake in Lemna minor was about 30% (Table 24). The phosphorus uptake in 
Spirodela polyrrhiza (when grown singly) was 60% higher (than the control) at 40 ppm of 
Surf Excel (Table 21) and only 30% higher when grown in combination with Lemna 
(Table 24). The plants have specific controls for the uptake of solutes, whether they have 
osmotic roles in the cells or. the solutes are used as nutrients. The uptake of phosphate 
depends upon the phosphate status of the plants (Ullrich-Eberius et al, 1981). 
A direct relationship between phytoplankton minima and maxima was found 
related with the EX) content by a number of workers (Lande, 1973; Misra et al., 1975; 
Saad, 1973; Schindler, 1971). As evident from the data of the water quality (Table 19, 22 
and 25), the dissolved oxygen and turbidity of water was impaired to a relatively greater 
extent by Spirodela sp. as compared to Lemna sp. Thus, the Spirodela polyrrhiza 
modifies the aquatic environment more actively than the Lemna minor. Such 
modifications in the enviroimient by component species themselves, results into the 
succession of community to a higher serai stage. Any change in the natural quality of 
water is best reflected in the change in natural flora and fauna of the aquatic ecosystem 
(Kulshrestha et al., 1989). The eutrophication reduced the number of rare species and 
increased the abundance of meso to hyper-eutrophic species specifically Fragilaria 
berolinensis in the eutrophic broad area of De Nieuwkoopse Plassen in the Netherlands 
(Van Dam and Mertens, 1993). 
In the present work, temperature played important role in the population growth of 
both the selected duckweed species. The optimum population increase was noted at 30°C 
temperature. The temperature of 20° and 30°C increased the uptake of NPK specifically 
of phosphorus. The higher temperatures adversely affected the chlorophyll content in hoih 
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the species eventually the excessive chlorosis and necrosis lead to faster duckweed 
mortality. The nitrogen uptake was optimum in both the species at 30°C of temperature 
(table 26,27,28,29, 30 and 31). The chlorophyll concentration was found strongly linked 
to the total nitrogen concentration. During summer, nitrogen concentrations accounted for 
about 60% of the variability in chlorophyll concentration among different coastal systems 
(Neilson et al., 2002). It appears that higher temperature of 40" and 50°C impaired the 
nitrogen availability and thereby reduced the chlorophyll content and thus, caused early 
disappearance of both the duckweeds by 5* to 9* day from the treatment. The 
temperature deviations are believed to impose stresses on plants leading to abnormalities 
resulting into reduced chances of survival (Treshow, 1970). 
The temperature regulate cell division rate, enzyme activity (Giese, 1979), 
translocation and synthesis of food material (Devlin and Witham, 1986). The 
development of plant, metabolic activities, mineral absorption and water uptake are 
strongly temperature dependent (Treshow, 1970; Devlin and Witham, 1986). The lower 
temperatures below I0°C (Ghosh et al., 1995) have been reported to retard the growth and 
productivity of duckweed. The temperature between 20° and 30''C was found optimum by 
Hillman (1961). Aziz and Mobina (1999) found 25*'-33T temperature were optimum for 
the growth of two species of Spirodela. The photosynthesis is also dependent upon the 
enzyme activity which is reported to be negligible below 10°C and to be optimum at 30'*C 
in most of the plant species (Treshow, 1970). The role of several other parameters (viz. 
direct impact of detergents on the cell membranes, injuries and leakage of ions out of the 
fronds cells) in modifying the responses of both duckweeds can not be ruled out. It is 
suggested that more detailed studies are neede to have a deeper insight on the physio-
morphological responses of the duckweeds. 
Summary 
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SUMMARY 
The water is an essential life supporting matter in every cell of an organism. It 
enters into the living organisms via absorption or ingestion. It circulates between biotic 
and abiotic components of the ecosystem. The misuse and reckless over consumption has 
resulted into the fast depletion of water resource. The nutrient enrichment of the water 
bodies caused from the natural and man made sources is depleting the water resources at 
a faster pace. The eutrophication is a kind of nutrient enrichment process of any aquatic 
body which results into an excessive growth of phytoplankton. The phosphate rocks and 
mineral sedimentation are the natural sources of phosphorus into the terrestrial and 
aquatic ecosystems. The household containing detergents and phosphorus fertilizers used 
in the agricultural practices are the major anthropogenic sources of phosphorus. 
In the present study, the impact of some selected household detergents has been 
studied on the population, growth behaviour and development of two freshwater 
duckweeds, namely Lemna minor and Spirodela polyrrhiza. The growth responses of 
these selected free floating duckweeds to varying concentrations of'Surf Excel' (the most 
conmionly used detergent) have been studied with special reference to varying 
temperature and pH. 
The screening studies on the impact of 10, 30 and 50 ppm of 36 selected 
detergents (12 sold in the form of cakes and 24 in the form of powder) were conducted in 
small polyvinyl cups (of 180 ml capacity containing 150 ml detergent solution). In the 
screening experiments 10 plants of Lemna minor and 5 plants of Spirodela polyrrhiza 
were inoculated in the cups containing detergent solutions. The population growth of 
these duckweeds was studied at alternate days from the day of inoculation (3'^ ,^ 5'*', 7*, 9* 
no 
and 11*^  day). The dry weight per ^:am fresh weight was studied on 11**" day. 
There were three predominant types of population growth curves of both the 
selected duckweeds treated with 36 selected detergents. Some of the detergents increased 
the population growth of the two duckweeds in almost logarithmic progression showing 
increase in population with increase in the concentration (10-50 ppm). A few detergents 
increased population of both the selected duckweeds to a certain level of detergent 
concentration and then the growth became stationary with fiirther increase in detergent 
concentration. In the third type of response, the duckweed population initially increased 
in response to a certain level of detergent concentration and declined at higher detergent 
concentration. 
The detailed studies on the responses of the two selected weeds to 0, 10, 20, 30, 
40 and 50 ppm of Surf Excel were carried out in large earthen pots containing 15 liters of 
the solution. In these pots, 100 individuals of Lemna minor and 20 individuals of 
Spirodela polyrrhiza were inoculated (singly or jointly) on day 1*' from the pure 
duckweed stocks. The popmlation of Lemna minor consistently increased up to 40 ppm 
level of Surf Excel and then declined at 50 ppm. In each concentration the population of 
Lemna minor increased with the growth stage. The dry weight of Lemna minor also 
increased with the concentration level of Surf Excel. All concentration levels of Surf 
Excel increased NPK uptake in Lemna. Only lower concentration of Surf Excel 
significantly increased chlorophyll content in Lemna minor. The water quality studied in 
terms of turbidity and dissolved oxygen also decreased with the concentration of Surf 
Excel. 
The population of Spirodela polyrrhiza in large earthen pots increased 
significantly at 40 ppm of Surf Excel. The impact of Surf Excel on the growth of 
Ill 
Spirodela polyrrhiza was marginal at 3"^^ day showing a lag phase and then increased 
noticeably from day 7"^  onw^ds. The high concentration of Surf Excel neither increased 
the population significantly nor did it suppress. The chlorophyll content in Spirodela 
polyrrhiza increased on treatment with 40 ppm of Surf Excel. The NPK uptake also 
increased with the concentration of the detergent. The water quaUty decreased with the 
concentration of the detergent. 
In the experiments with combined species (with the same initial number of 
individuals as studied separately), the population of both the species was found in the 
state of interspecific competition despite increased phosphorus containing detergent. The 
Surf Excel detergent promoted growth of both the duckweeds in almost all concentrations 
but not to the extent as studied in the experiments with single species. The individual 
pattern of growth response of both the duckweeds in the combined species was almost 
same as recorded in the experiments with single species. The chlorophyll content in both 
the species was significantly higher in response to 30 and 40 ppm of Surf Excel. The 
optimum response of most of the parameters of both the species was observed at 30 ppm 
of Surf Excel. 
The impact of temperature (10°, 20°, 30°, 40° and 50°C) and pH (6.0, 6.5, 7.0, 7.5 
and 8.0) on the sensitivity level of the duckweed grown in 0,10,20, 30,40 and 50 ppm of 
Surf Excel was studied in polyvinyl pots. The optimum growth of Lemna minor was 
recorded at 30°C in all concentration levels. The peak of population growth of Lemna 
minor was observed on 11* day in 40 ppm of Surf Excel maintained at 30"C. The 10°C 
temperature did not affect tiie growth response of Lemna minor and the higher 
temperature of 40°C and 50°C were deleterious. The optimum NPK uptake in Lemna 
minor was recorded at 20° and 30°C in the duckweeds treated with 30 and 40 ppm of the 
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detergent. The phosphate uptake in the duckweeds and accumulation in water was found 
related with the temperature. 
The population growth of Spirodela polyrrhiza increased at 20° and 30°C. At 
higher temperature (50°C) the population oi Spirodela polyrrhiza did not survive by the 
5* day. The higher temperatures (40" and 50"C) reduced the dry weight accumulation in 
Spirodela polyrrhiza. The uptake of nitrogen and potassium increased at higher 
temperatures but the significant phosphorus uptake was recorded at even at lower 
temperature (10°C). 
The population of Lemna minor was found to be inversely related with the pH 
range between 6-8 (6.0, 6.5, 7.0, 7.5 and 8.0). The acidic pH continued to increase the 
population even at higher concentration of Surf Excel (30-50 ppm). The uptake of 
nitrogen and phosphorus in Lemna minor was also found to be higher at relatively lower 
pH. In Spirodela polyrrhiza, the pH range 6.5 to 8.0 did not affect the population 
significantly. The optimum population growth of Spirodela polyrrhiza was observed at 
acidic pH 6.0 and 6.5 and treated with 30 and 40 ppm of the detergent. The lower pH 
increased dry matter accumulation in Spirodela polyrrhiza. The uptake of phosphorus in 
Spirodela was found positively related with the detergent concentration rather than the pH 
level. 
It was inferred from the observations that detergents play important role in 
promoting the growth of duckweeds. Out of 36 detergents studied, certain detergents 
effectively in promoted the growth of duckweeds even in low concentration. Certain 
brands of detergents resulted in consistent increase in the growth with increasing 
concentration. The detergents may effectively alter the duckweed diversity. Although, the 
impact of detergents on the duckweed diversity has not been explicitly studied but the 
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finding of the experiments on the growth responses of the two duckweeds grown singly 
and in combination (in adequate water medium) are compelling. 
The temperature effectively modified the duckweed response to the detergent. The 
cooler water medium had lesser degree of eutrophication than the moderately warm water 
medium. Not the phosphorus content alone, but the water quality (turbidity, pH, nutrient 
concentration and dissolved oxygen) modified by the detergent aggravated the problem of 
eutrophication. Therefore, the water bodies receiving acids fi-om any source in addition to 
detergent are more likely to show a greater degree of eutrophication than a body receiving 
detergent without acids. 
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